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(57) ABSTRACT 

An organic EL element includes a hole injection layer yield 
ing excellent hole conduction efficiency, and comprises: an 
anode; a cathode; a functional layer disposed between the 
anode and the cathode, and including a light-emitting layer 
containing organic material; the hole injection layer disposed 
between the anode and the functional layer; and a bank defin 
ing an area in which the light-emitting layer is to be formed, 
wherein the hole injection layer includes tungsten oxide, 
tungsten atoms constituting the tungsten oxide include both 
tungsten atoms with a Valence of six and tungsten atoms with 
a valence less than six, the hole injection layer includes a 
crystal of the tungsten oxide, a particle diameter of the crystal 
being on an order of nanometers, an inner portion of the hole 
injection layer is depressed to define a recess, and an upper 
peripheral edge of the recess is covered with a part of the 
bank. 
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US 8,927,976 B2 
1. 

ORGANIC EL ELEMENT AND PRODUCTION 
METHOD FOR SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

This is a continuation application of PCT Application No. 
PCT/JP2010/004985 filed Aug. 6, 2010, designating the 
United States of America, the disclosure of which, including 
the specification, drawings and claims, is incorporated herein 
by reference in its entirety. 

TECHNICAL FIELD 

The present invention relates to an organic electric-field 
light-emitting element (hereinafter referred to as an “organic 
EL element'), which is an electric light-emitting element, and 
a manufacturing method of the organic EL element. In par 
ticular, the present invention relates to a technology for 
improving the hole conduction efficiency of the hole injection 
layer. 

DESCRIPTION OF THE RELATED ART 

In recent years, progress has been made in research and 
development of diverse functional elements that use organic 
semiconductors. Organic EL elements are among the most 
common of such functional elements. An organic EL element 
is a current-driven light emitter that includes a pair of elec 
trodes, consisting of an anode and a cathode, and a functional 
layer disposed between the pair of electrodes. The functional 
layer includes a light-emitting layer formed from organic 
material. The emission of light from the organic EL element 
is caused by an electric-field light-emitting phenomenon tak 
ing place as a result of the recombination of holes injected 
from the anode to the functional layer and electrons injected 
from the cathode to the functional layer after application of 
voltage between the electrodes. Given the high visibility of 
organic EL elements resulting from their self-luminescence, 
as well as their excellent vibration resistance resulting from 
the Solid-state structure thereof, more attention is now being 
given to the application of organic EL elements as a light 
emitter for various display devices or as a light source. 

In order for an organic EL element to emit high intensity 
light, efficient injection of carriers (holes and electrons) from 
the electrodes to the functional layer is essential. Generally, 
provision of an injection layer in between each of the elec 
trodes and the functional layer is effective in realizing effi 
cient injection of carriers to the functional layer, since an 
injection layer has the function of lowering the energy barrier 
during injection. An organic material. Such as copper phtha 
locyanine or PEDOT (conducting polymer), or a metal oxide, 
Such as molybdenum oxide or tungsten oxide, is used as the 
hole injection layer provided between the functional layer 
and the anode. An organic material. Such as a metal complex 
or oxadiazole, or a metal Such as barium is used as the electron 
injection layer provided between the functional layer and the 
cathode. 

Among Such injection layers, an improvement in hole con 
duction efficiency as well as longevity of the organic EL 
element has been reported for an organic EL element using a 
metal oxide film composed of a metal oxide, Such as molyb 
denum oxide or tungsten oxide, as the hole injection layer 
(see Patent Literature 1, 2, and Non-Patent Literature 1). 
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SUMMARY 

Vapor deposition or sputtering is typically used as the 
method for forming the above metal oxide film. Taking into 
consideration the heat resistance of the layers already formed 
on the substrate at the point of formation of the metal oxide 
film, the metal oxide film is typically formed at a low sub 
strate temperature of 200° C. or less. 

Forming the metal oxide film at a low substrate tempera 
ture with the sputtering method easily leads to formation of a 
metal oxide film with a disorderly, amorphous structure, since 
thermal energy produced when the film formation gas reaches 
the substrate is quickly absorbed by the substrate. Further 
more, the difficulty of maintaining the composition and thick 
ness of the metal oxide film uniform when forming the film at 
a low substrate temperature has also been reported (Non 
Patent Literature 2). 
When the metal oxide film is amorphous, the locations that 

contribute to conduction of holes injected into the metal oxide 
film, Such as locations similar to an oxygen vacancy, are 
isolated from each other throughout the film. Conduction of 
holes in the film is therefore achieved primarily by hopping 
conduction. During hopping conduction, holes hop between 
the isolated hole conduction locations. In order to use such a 
metal oxide film when driving the organic EL elements, how 
ever, it is necessary to apply a high driving Voltage to the 
organic EL elements, thereby causing the problem of a 
decrease in hole conduction efficiency. 
The present invention has been conceived in view of the 

above problem and provides an organic EL element with a 
hole injection layer that yields excellent hole conduction 
efficiency. 

SOLUTION TO PROBLEM 

In order to achieve the aim stated above, an organic EL 
element according to one aspect of the present invention 
comprises: an anode; a cathode; a functional layer disposed 
between the anode and the cathode, and including a light 
emitting layer containing an organic material; a hole injection 
layer disposed between the anode and the functional layer; 
and a bank that defines an area in which the light-emitting 
layer is to be formed, wherein the hole injection layer 
includes a tungsten oxide, tungsten atoms constituting the 
tungsten oxide include both tungsten atoms with a Valence of 
six and tungsten atoms with a valence less than six, the hole 
injection layer includes a crystal of the tungsten oxide, a 
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particle diameter of the crystal being on an order of nanom 
eters, an inner portion of the hole injection layer is depressed 
to define a recess, and an upper peripheral edge of the recess 
is covered with a part of the bank. 

Advantageous Effects of Invention 

In an organic EL element according to an aspect of the 
present invention, the hole injection layer is formed from 
tungsten oxide, and tungsten atoms constituting the tungsten 
oxide has a valence of six and a Valence less than six. There 
fore, the hole injection layer is provided with structures simi 
lar to oxygen vacancies that act as regions for the conduction 
of holes. Furthermore, setting the particle diameter of the 
crystal to be on the order of nanometers allows for the forma 
tion, in the tungsten oxide, of numerous crystal interfaces that 
include many structures similar to oxygen vacancies. As a 
result, conduction paths for holes extend through the hole 
injection layer in the direction of thickness thereof, allowing 
for effective hole conduction at a low driving voltage. It is 
thus possible to provide an organic EL element having a hole 
injection layer that yields excellent hole conduction effi 
ciency. 
When the hole injection layer contains tungsten oxide 

including the above-described many structures similar to 
oxygen vacancies, film thickness of the hole injection layer 
decreases in manufacturing process. This problem is 
so-called film thickness reduction. This film thickness reduc 
tion might affect light-emitting characteristics, such as caus 
ing the unevenness in luminance in a light-emitting portion 
partitioned by bank or a decreasing in service life of the 
organic EL element. 

In contrast, according to the organic EL element which is 
one aspect described above of the present invention, part of 
the surface of the hole injection layer facing the functional 
layer (i.e., inner portion) has a concave structure. That is, the 
part of the Surface is closer to the anode than the remaining 
portion of the Surface is. Further, edge of the concave struc 
ture of the hole injection layer is covered with part of bank, 
which can reduce concentration of the electric field occurring 
at the edge. This prevents problems such as the unevenness in 
luminance or a decrease in service life of the organic EL 
element. That is, it is possible to prevent the occurrence of 
effects on light-emitting characteristics. 

These general and specific aspects may be implemented 
using a manufacturing method. 

Additional benefits and advantages of the disclosed 
embodiments will be apparent from the specification and 
figures. The benefits and/or advantages may be individually 
provided by the various embodiments and features of the 
specification and drawings disclosed, and need not all be 
provided in order to obtain one or more of the same. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1A is a schematic cross-sectional view illustrating the 
structure of an organic EL element 1000 according to 
Embodiment 1. FIG. 1B is a partially expanded view near a 
hole injection layer 4. 

FIG. 2 is a schematic cross-sectional view illustrating a 
structure of a hole-only device 1000A. 

FIG.3 is a device characteristics diagram showing relation 
curves illustrating relations between applied Voltage and cur 
rent density of the hole-only devices. 

FIG. 4 is a device characteristics diagram showing relation 
curves illustrating relations between applied Voltage and cur 
rent density of organic EL elements. 
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FIG. 5 shows spectra belonging to W5p, W4fs, and 

W4f, obtained by XPS measurement of the surface of the 
tungsten oxide layer. 

FIG. 6A shows peak fitting analysis results for sample A in 
FIG. 5, and FIG. 6B shows peak fitting analysis results for 
sample E. 

FIG. 7 is a diagram illustrating a UPS spectrum of the 
Surface of a tungsten oxide layer. 

FIG. 8 is a diagram illustrating UPS spectra of the surface 
of a tungsten oxide layer. 

FIG. 9 is a diagram illustrating the structure along the 
Surface of the tungsten oxide layer. 
FIG.10 shows cross-sectional TEM photographs of a tung 

Sten oxide layer. 
FIG. 11 shows 2D Fourier transform images for the TEM 

photographs shown in FIG. 10. 
FIGS. 12A and 12B are diagrams illustrating the creation 

of a plot of change in luminance from the 2D Fourier trans 
form image shown in FIG. 11. 

FIG. 13 shows Fourier transform images and plots of 
change in luminance for samples A, B, and C. 

FIG. 14 shows Fourier transform images and plots of 
change in luminance for samples D and E. 

FIGS. 15A and 15B are plots of change in luminance for 
samples A and E, with (al) and (b1) being enlarged diagrams 
of each peak in normalized luminance closest to the center 
point in the plots of change in luminance, and (a2) and (b2) 
being the first derivative of the plots in (a1) and (b1). 

FIG. 16A is a diagram schematically illustrating hole con 
duction in a nanocrystal structure, and FIG.16B is a diagram 
schematically illustrating hole conduction in an amorphous 
structure of a tungsten oxide layer. 

FIG. 17 is a device characteristics diagram showing rela 
tion curves illustrating relations between applied Voltage and 
current density of the hole-only devices. 

FIG. 18 is a graph showing a relation between a film thick 
ness reduction amount and film density oftungsten oxide film 
constituting a hole injection layer. 

FIGS. 19A and 19B are each a schematic diagram showing 
a relation between a film structure and film density of tung 
Sten oxide layer constituting a hole injection layer. 

FIGS. 20A and 20B each show an end elevation to give a 
background of one aspect of the present invention. 

FIG. 21 is a plan view showing a part of an organic EL 
panel in Embodiment 2. 

FIG. 22 is an end elevation schematically showing a cross 
section of the part of the organic EL panel in Embodiment 2. 

FIG.23 is an enlarged end elevation of a portion B enclosed 
by an alternate long and short dash line of FIG. 20. 

FIGS. 24A, 24B, and 24C are a process chart showing a 
method of manufacturing the organic EL panel in Embodi 
ment 2. 

FIGS. 25A, 25B, and 25C are a process chart showing a 
method of manufacturing the organic EL panel in Embodi 
ment 2. 

FIGS. 26A, 26B, and 26C are a process chart showing a 
method of manufacturing the organic EL panel in Embodi 
ment 2. 

FIG. 27 is an end elevation schematically showing a cross 
section of a part of an organic EL panel in Modification. 

FIGS. 28A and 28B are a process chart showing a method 
of manufacturing the organic EL panel in Modification. 

FIG. 29 is an end elevation schematically showing a cross 
section of a part of an organic EL panel in Modification. 

FIG. 30 is a plan view showing a part of an organic EL 
panel in Modification. 
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FIG.31 is an end elevation showing a part of an organic EL 
display in Modification of the present invention. 

DETAILED DESCRIPTION 

Embodiment 
An organic EL element according to one aspect of the 

present invention is an organic electroluminescent (EL) ele 
ment comprising: an anode; a cathode; a functional layer 
disposed between the anode and the cathode, and including a 
light-emitting layer containing an organic material; a hole 
injection layer disposed between the anode and the functional 
layer; and a bank that defines an area in which the light 
emitting layer is to be formed, wherein the hole injection 
layer includes a tungsten oxide, tungsten atoms constituting 
the tungsten oxide include both tungstenatoms with a valence 
of six and tungstenatoms with a valence less than six, the hole 
injection layer includes a crystal of the tungsten oxide, a 
particle diameter of the crystal being on an order of nanom 
eters, an inner portion of the hole injection layer is depressed 
to define a recess, and an upper peripheral edge of the recess 
is covered with a part of the bank. 

In an organic EL element according to an aspect of the 
present invention, the hole injection layer is formed from 
tungsten oxide, and tungsten atoms constituting the tungsten 
oxide have a Valence of six and a Valence less than six. As a 
result, the hole injection layer is provided with structures 
similar to oxygen vacancies that act as regions for the con 
duction of holes. In addition, setting the particle diameter of 
the crystal to be on the order of nanometers allows for the 
formation, in the tungsten oxide, of numerous crystal inter 
faces that include many structures similar to oxygen vacan 
cies. As a result, conduction paths for holes extend through 
the hole injection layer in the direction of thickness thereof, 
allowing for effective hole conduction at a low driving volt 
age. It is thus possible to provide an organic EL element 
having a hole injection layer that yields excellent hole con 
duction efficiency. In this context, the “particle diameteronan 
order of nanometers’ refers to a size that is approximately 3 
nm to 10 nm and that is smaller than the thickness of the hole 
injection layer. 
When the hole injection layer contains tungsten oxide 

including the above-described many structures similar to 
oxygen vacancies, film thickness of the hole injection layer 
decreases in manufacturing process. This problem is 
so-called film thickness reduction. This film thickness reduc 
tion might affect light-emitting characteristics, such as caus 
ing the unevenness in luminance in a light-emitting portion 
partitioned by banks or a decreasing in service life of the 
organic EL element. In contrast, according to the organic EL 
element which is one aspect described above of the present 
invention, part of the Surface of the hole injection layer facing 
the functional layer has a concave structure. That is, the part 
of the Surface is closer to the anode than the remaining portion 
of the surface is. Further, edge of the concave structure of the 
hole injection layer is covered with part of bank, which can 
reduce concentration of the electric field occurring at the 
edge. This prevents problems such as the unevenness in lumi 
nance or a decrease in service life of the organic EL element. 
That is, it is possible to prevent the occurrence of effects on 
light-emitting characteristics. 

Here, the valence less than six may be a valence of five. A 
ratio W"/W" of the number of the tungsten atoms with a 
valence of five to the number of the tungsten atoms with a 
Valence of six may be at least 3.2%. Including tungsten atoms 
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6 
with a valence offive at a ratio of at least 3.2% with respect to 
tungstenatoms with a valence of six achieves even betterhole 
conduction efficiency. 

Setting the ratio W"/W" to be at least 3.2% and at most 
7.4% achieves even better hole conduction efficiency. 
A hard X-ray photoelectron spectroscopy spectrum of a 

surface of the hole injection layer may exhibit a first peak and 
a second peak, the first peak corresponding to a 4f, energy 
level of the tungsten atoms with a valence of six, and the 
second peak being in a region lower than the first peak in 
terms of binding energy. Specifically, the second peak may be 
in a region between 0.3 electron volts and 1.8 electron volts 
lower, in terms of binding energy, than the first peak. The first 
peak corresponds to the peak for tungsten atoms with a 
Valence of six, whereas the second peak corresponds to the 
peak for tungsten atoms with a Valence of five. 
An area intensity of the second peak may be between 3.2% 

and 7.4% of an area intensity of the first peak. The ratio 
between the areas of the first peak in the second peak corre 
sponds to the abundance ratio of tungsten atoms with a 
valence of five to tungsten atoms with a valence of six. The 
above range for the area intensity of the second peak therefore 
indicates that the ratio of the tungstenatoms with a Valence of 
five to the tungsten atoms with a valence of six is between 
3.2% and 7.4%. 

Tungsten atoms with a valence less than the maximum 
Valence may cause aband structure of the hole injection layer 
to have an occupied energy level in a range between 1.8 
electron volts and 3.6 electron volts lower than a lowest 
energy levelofa Valence band in terms of binding energy. Due 
to the existence of this occupied energy level, the hole injec 
tion barrier between the hole injection layer and the func 
tional layer is reduced. This achieves even better hole injec 
tion efficiency. In this context, the “lowest energy level of a 
Valence band in terms of binding energy refers to the energy 
at a position at the upper end of the valence band from the 
vacuum level. 
The hole injection layer may include a plurality of crystals 

of the tungsten oxide, each of the crystals having a particle 
diameter of between 3 nm and 10 nm, and regular linear 
structures at intervals of between 1.85 angstroms and 5.55 
angstroms may appear in a lattice image by transmission 
electron microscopy observation of the hole injection layer. 
In a TEM photograph of a tungsten oxide layer that includes 
crystals having a particle diameter of between 3 nm and 10 
nm, regular linear structures appear based on how bright 
regions are partially aligned in the same direction. These 
regular linear structures Suggest the existence of a crystal on 
the order of nanometers. 

In a 2D Fourier transform image of the lattice image, a 
pattern of concentric circles centering on a centerpoint of the 
2D Fourier transform image may appear. The existence of a 
crystal on the order of nanometers results in the appearance of 
the above pattern of concentric circles. 

In a plot of distance from the center point versus normal 
ized luminance, the normalized luminance being a normal 
ized value of the luminance of the 2D Fourier transform 
image at the corresponding distance, at least one peak of the 
normalized luminance may appear. One peak of the normal 
ized luminance in the above plot corresponds to one of the 
concentric circles. 

With a peak width being a difference between the distance 
corresponding to a position of a peak of the normalized lumi 
nance appearing closest to the center point in the plot and the 
distance corresponding to a position at which the peak of the 
normalized luminance begins to rise, the peak width may be 
less than 22 when a difference between the distance corre 
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sponding to the centerpoint and the distance corresponding to 
the peak of the normalized luminance appearing closest to the 
center point is 100. The peak of the normalized luminance 
appearing closest to the center point corresponds to the con 
centric circle based on the existence of the crystal on the order 
of nanometers. As the number of crystals on the order of 
nanometers increases, the full width at half maximum of the 
peak of the normalized luminance decreases, i.e. the width of 
the normalized luminance decreases. Even better hole con 
duction efficiency can be achieved when the number of crys 
tals on the order of nanometers is such that the peak width 
falls within a predetermined range. 
The functional layer may include amine-containing mate 

rial. Inamine-containing organic molecules, the electron den 
sity of the HOMO is distributed centering on a lone pair of 
electrons of a nitrogen atom, which becomes a hole injection 
site. Including amine-containing material in the functional 
layer allows for formation of hole injection sites along the 
functional layer, thereby allowing holes that are conducted 
from the hole injection layer to be efficiently injected into the 
functional layer. 
The functional layer may be one of a hole transfer layer that 

transfers holes, and a buffer layer that one of adjusts optical 
characteristics and/or blocks electrons. 
The part of the bank may reach a bottom of the recess of the 

hole injection layer, and a side surface of the bank may slope 
upward from the bottom of the recess to a top of the bank. 
With this structure, when the light-emitting layer is formed 
using printing technology Such as inkjet technology, ink is 
distributed to every corner of an area defined by the bank. As 
a result, formation of a Void and the like is suppressed. 

The part of the bank may be out of contact with a bottom of 
the recess. In order to cover the upper peripheral edge of the 
recess with the part of the bank, there is a method, for 
example, of heat-treating a bank material to make it fluid so 
that the upper peripheral edge of the recess is covered with a 
part of the bank material. With the above-mentioned struc 
ture, the temperature and time of the heat treatment are 
reduced as it is not necessary to extend the bank material to 
the bottom of the recess. 

The hole injection layer may extend laterally along a bot 
tom surface of the bank. The upper peripheral edge of the 
recess may be a convex portion composed of (i) a part of the 
upper surface of the hole injection layer in which the recess is 
not formed and (ii) the inner side surface of the recess. The 
bank may have liquid repellency and the hole injection layer 
may have liquid affinity. 

Further, an organic EL panel, an organic EL light-emitting 
apparatus and an organic EL display apparatus each pertain 
ing to the present invention include an organic EL element 
with the above-described structure. This allows for an organic 
EL panel, an organic EL light-emitting apparatus, and an 
organic EL display apparatus that achieve the same advanta 
geous effects as above. 
A manufacturing methodofan organic EL element accord 

ing to one aspect of the present invention comprises the steps 
of preparing an anode; forming a tungsten oxide layer on the 
anode using a sputtering gas including argon gas and oxygen 
gas and using tungsten as a sputtering target, under film 
forming conditions such that a total pressure of the Sputtering 
gas is at least 2.3 Pa and at most 7.0 Pa, a partial pressure of 
the oxygen gas in the Sputtering gas is at least 50% and at most 
70%, an input power density per unit area of the Sputtering 
target is at least 1.5 W/cm2 and at most 6.0 W/cm2, and a 
value yielded by dividing the total pressure of the sputtering 
gas by the input power density is larger than 0.7 Pacm2/W: 
forming a bank material layer containing material constitut 
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8 
ing a bank above the tungsten oxide layer; forming a recess by 
removing a portion of the bank material layer so that the 
tungsten oxide layer is partially exposed and an upper Surface 
of the tungsten oxide layer in the recess is closer to the anode 
than an upper peripheral edge of the recess, the recess having 
an inner bottom surface and an inner side Surface that is 
continuous with the inner bottom Surface; heat-treating a 
remaining portion of the bank material layer, the remaining 
portion of the bank material layer being made fluid so that the 
bank material layer extends to cover the upper peripheral 
edge of the recess; forming functional layer including a light 
emitting layer above an exposed Surface of the tungsten oxide 
layer after the heat treatment; and forming a cathode above 
the functional layer. Further, the tungsten oxide layer may be 
formed so that tungstenatoms constituting the tungsten oxide 
layer include both tungsten atoms with a maximum valence 
thereof and tungsten atoms with a valence less than the maxi 
mum valence, and so as to include a tungsten oxide crystal 
having a particle diameter on an order of nanometers. Fur 
thermore, when forming the tungsten oxide layer, the value 
yielded by dividing the total pressure of the Sputtering gas by 
the input power density may be less than 3.2 Pacm2/W. 
Performing the above steps allows for formation of an organic 
EL element that achieves the same advantageous effects as 
above. 
Embodiment 1 
<Structure of Organic EL Element> 
FIG. 1A is a schematic cross-sectional view illustrating the 

structure of an organic EL element 1000 according to 
Embodiment 1. FIG. 1B is a partially expanded view near a 
hole injection layer 4. 
The organic EL element 1000 is, for example, manufac 

tured by applying a functional layer with a wet process. The 
hole injection layer 4 and a variety of functional layers that 
have predetermined functions and include organic material 
are layered together and placed between a pair of electrodes 
consisting of an anode 2 and a cathode 8. 

Specifically, as shown in FIG. 1A, the organic EL element 
1000 includes the following layered on the main surface of a 
substrate 1 in this order: the anode 2, an ITO layer 3, the hole 
injection layer 4, a buffer layer 6A (an example of a functional 
layer), a light-emitting layer 6B (an example of a functional 
layer), an electron injection layer 7, the cathode 8, and a 
sealing layer 9. 

(Substrate 1. Anode 2, ITO Layer 3) 
The substrate 1 is the base material for the organic EL 

element 1000 and may beformed with an insulating material 
Such as alkali-free glass, Soda glass, nonfluorescent glass, 
phosphate glass, borate glass, quartz, acrylic resin, styrenic 
resin, polycarbonate resin, epoxy resin, polyethylene, poly 
ester, silicone resin, or alumina. 

While not shown in the figures, a TFT (thin film transistor) 
is provided on the surface of the substrate 1 for driving the 
organic EL element 1000, with the anode 2 layered there 
above. The anode 2 may be made of APC (alloy of silver, 
palladium and copper), ARA (alloy of silver, rubidium and 
gold), MoCr (alloy of molybdenum and chrome) or NiCr 
(alloy of nickel and chrome), for example. 
The ITO (indium tin oxide) layer 3 is interposed between 

the anode 2 and the hole injection layer 4, and has a function 
of improving the bond between these layers. 

(Hole Injection Layer 4) 
The hole injection layer 4 is formed from a tungsten oxide 

film (WOx) having a thickness of, for example, 30 nm. In the 
composition formula WOX denoting the composition of the 
tungsten oxide, X is a real number existing within a range of 
approximately 2<x<3. Concerning the hole injection layer 4, 
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it is preferable that the hole injection layer 4 consist of only 
tungsten oxide. However, the inclusion of a trace level of 
impurities is acceptable, provided that the amount does not 
exceed the amount of impurities which may be incorporated 
as a result of normal processing. 
The tungsten oxide layer is formed under predetermined 

film forming conditions. Details on these predetermined film 
forming conditions are provided in the sections “Outline of 
Method of Manufacturing Organic EL Element 1000' and 
“Film Forming Conditions for Hole injection layer 4. By 
forming the tungsten oxide layer under these predetermined 
film forming conditions, the tungsten oxide layer includes an 
abundance oftungsten oxide crystals 13 as illustrated in FIG. 
1B. The crystals 13 are formed so that the particle diameter of 
each crystal 13 is on the order of nanometers. For example, if 
the thickness of the hole injection layer 4 is approximately 30 
nm, the particle diameter of the crystals 13 is approximately 
between 3 nm and 10 nm. Hereinafter, the crystals 13 whose 
particle diameter is on the order of nanometers are referred to 
as "nanocrystals 13, and a layered structure composed of 
nanocrystals 13 is referred to as a "nanocrystal structure'. 
Note that in the hole injection layer 4, regions other than the 
regions with the nanocrystal structure include an amorphous 
Structure. 

In a hole injection layer 4 with the above nanocrystal 
structure, the tungsten atoms (W) constituting the tungsten 
oxide are distributed to include both atoms with the maximum 
Valence possible for tungsten and atoms with a valence less 
than the maximum valence. Typically, the crystal structure of 
tungsten oxide is not uniform, but rather includes structures 
similar to an oxygen vacancy. Within tungsten oxide having a 
crystal structure that does not include a structure similar to an 
oxygen vacancy, the maximum valence possible for tungsten 
is a Valence of six. On the other hand, within tungsten oxide 
having a crystal structure that does include a structure similar 
to an oxygen vacancy, it is known that the Valence oftungsten 
is a valence offive, which is lower than the maximum valence. 
The tungsten oxide film includes tungsten atoms with a vari 
ety of Valences, including both the maximum Valence and a 
valence lower than the maximum valence. The overall 
valence for the film is the average of these different valences. 

It has been reported that forming a structure similar to an 
oxygen vacancy improves the hole conduction efficiency due 
to an electron level that is based on the structure (Non-Patent 
Literature 3). Furthermore, it is known that this structure 
similar to an oxygen vacancy is abundant along the crystal 
surface, as described with reference to FIG. 9. 

Therefore, distributing tungsten atoms with a valence of 
five and tungsten atoms with a Valence of six in the tungsten 
oxide and providing the hole injection layer 4 with structures 
similar to an oxygen vacancy offers the promise of increased 
hole conduction efficiency. Specifically, the holes provided 
from the anode 2 to the hole injection layer 4 are conducted 
along oxygen vacancies existing along the crystal interface. 
Therefore, providing the tungsten oxide layer with the nanoc 
rystal structure allows for an increase in the number of paths 
by which holes are conducted, thus leading to an improve 
ment in hole conduction efficiency. In turn, this allows for a 
decrease in the driving Voltage of the organic EL element 
1OOO. 

Additionally, the tungsten oxide forming the hole injection 
layer 4 has high chemical resistance, i.e. the tungsten oxide 
does not easily undergo undesired chemical reactions. There 
fore, even if the hole injection layer 4 comes into contact with 
Solvents or the like used during processes performed after 
formation of the hole injection layer 4, damage to the hole 
injection layer 4 due to dissolution, degradation, or a change 
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of properties is reduced. Forming the hole injection layer 4 
from a material with high chemical resistance thus prevents a 
reduction in hole conduction properties of the hole injection 
layer 4. 
The hole injection layer 4 in the present embodiment 

includes both the case of being formed only from tungsten 
oxide with a nanocrystal structure and the case of being 
formed from tungsten oxide with a nanocrystal structure and 
tungsten oxide with an amorphous structure. Furthermore, it 
is desirable that the nanocrystal structure be present through 
out the hole injection layer 4. Holes can be efficiently con 
ducted from the lower edge of the hole injection layer 4 to the 
upper edge of the hole injection layer 4, however, as long as 
grain boundaries are connected in at least one location 
between the interface where the anode 2 contacts with the 
hole injection layer 4 and the interface where the hole injec 
tion layer 4 contacts with the buffer layer 6A. 

Note that examples have been reported on in the past of 
using a tungsten oxide layer including crystalized tungsten 
oxide as the hole injection layer. For example, Non-Patent 
Literature 1 reports that crystallizing a tungsten oxide layer 
by annealing at 450° C. improves hole conduction properties. 
However, Non-Patent Literature 1 does not demonstrate the 
potential for practical mass-production of a large organic EL 
panel nor describe the effect on other layers above the sub 
strate due to formation of the hole injection layer. Further 
more, Non-Patent Literature 1 does not disclose purposely 
forming tungsten oxide nanocrystals having an oxygen 
vacancy in the hole injection layer. The hole injection layer 
according to an aspect of the present invention is formed from 
a tungsten oxide layer that is resistant to chemical reactions, 
is stable, and can withstand the mass production process of 
large organic EL panels. Furthermore, purposely incorporat 
ing oxygen vacancies in the tungsten oxide layer achieves 
excellent hole conduction properties and hole injection effi 
ciency, another decisive difference from conventional tech 
nology. 

(Bank 5) 
On the surface of the hole injection layer 4, a bank 5 that is 

composed of organic material with insulating property (for 
instance, acrylic resins, polyimide resins, novolac-type phe 
nolic resins and the like) is formed. The bank 5 is formed to 
have a uniform trapezoidal cross-section and to have either a 
line bank structure or a pixel bank structure. By the provision 
of the banks 5, the surface of the hole injection layer 4 is 
divided into a plurality of sections. At each of the sections on 
the surface of the hole injection layer 4, a functional layer is 
formed. The functional layer includes the buffer layer 6A, and 
a light-emitting layer 6B of a corresponding color among the 
colors of red (R), green (G), and blue (B). As is illustrated in 
FIGS. 1A, when applying the organic EL element 1000 to an 
organic EL panel, a plurality of units (pixels) of organic EL 
elements 1000 are disposed in parallel on the surface of the 
Substrate 1. More specifically, each unit, or pixel, is a series of 
three organic EL elements 1000, and each of the three organic 
EL elements 1000 in a pixel is allocated to a corresponding 
one of the colors R, G, and B. 

It should be note that the banks 5 are not essential to the 
present invention, and an organic EL element 1000 is to be 
used alone, the banks need not be formed. 

(Functional Layer 6) 
Other than the hole injection layer 4, the organic EL ele 

ment 1000 includes a functional layer that fulfills certain 
functions necessary for the organic EL element 1000. The 
functional layer of the present invention is either one, a com 
bination of two or more, or every one of layers such as the 
following: a hole transport layer, a light-emitting layer, and a 
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buffer layer. The hole transport layer transports holes. The 
light-emitting layer emits light as a result of recombination of 
holes and electrons which are injected therein. The buffer 
layer is used for the adjustment of optical characteristics or 
for blocking electrons. In the present embodiment, an 
example is described in which the functional layer 6 includes 
the buffer layer 6A and the light-emitting layer 6B. 

The buffer layer 6A is a 20 nm-thick layer composed of 
TFB(poly(9,9-di-n-octylfluorene-alt-(1,4-phenylene-((4- 
sec-butylphenyl)imino)-1,4-phenylene)), which is an amine 
based organic polymer, for example. 

Forming the buffer layer 6A from an amine-containing 
organic molecules allows for holes conducted from the hole 
injection layer 4 to be efficiently injected into layers included 
in the functional layer formed above the buffer layer 6A. This 
is because in amine-containing organic molecules, the elec 
tron density of the HOMO is distributed centering on a lone 
pair of electrons of a nitrogen atom, which becomes a hole 
injection site. Including amine-containing organic molecules 
in the buffer layer 6A allows for formation of hole injection 
sites by the buffer layer 6A. 
The light-emitting layer 6B is, for example, a 70 nm-thick 

layer of F8BT (poly(9,9-di-n-octylfluorene-alt-benzothia 
diazole)), which is an organic polymer. However, the material 
to be used informing the light-emitting layer 6B is not limited 
to this, and the light-emitting layer 6B may include a com 
monly-known organic material. For example, the light-emit 
ting layer 6B may beformed from a fluorescent material such 
as an oxinoid compound, perylene compound, coumarin 
compound, azacoumarin compound, oxazole compound, 
oxadiazole compound, perinone compound, pyrrolo-pyrrole 
compound, naphthalene compound, anthracene compound, 
fluorene compound, fluoranthene compound, tetracene com 
pound, pyrene compound, coronene compound, quinolone 
compound and azaquinolone compound, pyrazoline deriva 
tive and pyrazolone derivative, rhodamine compound, chry 
sene compound, phenanthrene compound, cyclopentadiene 
compound, stilbene compound, diphenylduinone compound, 
styryl compound, butadiene compound, dicyanomethylene 
pyran compound, dicyanomethylene thiopyran compound, 
fluorescein compound, pyrylium compound, thiapyrylium 
compound, selenapyrylium compound, telluropyrylium 
compound, aromatic aldadiene compound, oligophenylene 
compound, thioxanthene compound, anthracene compound, 
cyanine compound, acridine compound, metal complex of a 
8-hydroxyquinoline compound, metal complex of a 2-bipy 
ridine compound, complex of a Schiffbase and a group III 
metal, metal complex of oxine, rare earth metal complex, etc., 
as recited in Japanese Patent Application Publication No. 
H5-163488. 

(Hole Injection Layer 7, Cathode 8, Sealing Layer 9) 
The electron injection layer 7 has a function of transport 

ing, to the light-emitting layer 6B, an electron injected from 
the cathode 8. The electron injection layer 7 is 5 nm thick, for 
example. It is preferable that the electron injection layer 7 be 
formed from Valium, phthalocyanine, fluorine lithium, or a 
combination of these materials. 
The cathode 8 is, for example, composed of an aluminum 

layer with a thickness of 100 nm. The anode 2 and the cathode 
8 described above are connected to a direct current voltage 
source DC to supply power to the organic EL element 1000 
from the outside. 
The sealing layer 9 has a function of preventing the light 

emitting layer 6 and so on from being exposed to moisture and 
air. The sealing layer 9 is made from a material such as SiN 
(silicon nitride) and SiON (silicon oxynitride). In the case of 
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12 
a top emission type organic EL element, it is desirable that the 
sealing layer 9 beformed from a light-transmissive material. 

<Outline of Method of Manufacturing Organic EL Ele 
ment 1000D 
The following outlines a method of manufacturing the 

organic EL element 1000 pertaining to the present embodi 
ment based on FIGS. 1A and 1B. 

First, the substrate 1 is placed inside the chamber of a 
sputtering film-forming apparatus. A predetermined sputter 
ing gas is injected into the chamber, and using the reactive 
sputtering method, the anode 2 is formed. Note that the anode 
2 may be formed by another method such as vacuum deposi 
tion. Subsequently, in the above chamber, the ITO layer 3 is 
formed on the anode 2 using the Sputtering method. 

Next, the hole injection layer 4 is formed. It is desirable that 
the hole injection layer 4 beformed with the reactive sputter 
ing method. Specifically, metal tungsten is placed in the 
chamber as the Sputtering target, with argon gas as the sput 
tering gas and oxygen gas as the reactive gas. Under these 
conditions, the argon is ionized by the application of high 
Voltage and caused to bombard the Sputtering target. The 
metal tungsten ejected as a result of the Sputtering phenom 
enon reacts with the oxygen gas, and produces tungsten 
oxide. As a result, the “sputtered’ tungsten oxide layer is 
formed on the ITO layer3. 

While details on the film forming conditions are provided 
in the following section, in brief, the following conditions are 
desirable: (1) the total pressure of the Sputtering gas com 
posed of argon gas and oxygen gas should be at least 2.3 Pa 
and at most 7.0 Pa, and (2) the partial pressure of the oxygen 
gas with respect to the total pressure of the sputtering gas 
should be at least 50% and at most 70%. Furthermore, (3) the 
input power per unit area of the target (input power density) 
should be at least 1.5 W/cm and at most 6.0 W/cm, and (4) 
the value yielded by dividing the total pressure of the sput 
tering gas by the input power density should be larger than 0.7 
Pacm/W. The tungsten oxide film having a nanocrystal 
structure is formed under these film forming conditions. The 
tungsten oxide film having a nanocrystal structure is formed 
under these film forming conditions. 
As described above, the tungsten oxide forming the hole 

injection layer 4 has high chemical resistance. Therefore, 
even if the hole injection layer 4 comes into contact with 
Solvents or the like used during Subsequent processes, dam 
age to the hole injection layer 4 due to dissolution, degrada 
tion, or a change of properties is reduced. 

Subsequently, as the material for forming the bank 5. pho 
tosensitive resin material or, more preferably, photoresist 
material containing fluorine material is to be prepared. In 
order to form the bank 5, first, the bank materialso prepared 
is uniformly applied on the hole injection layer 4. After per 
forming prebaking, a mask having an aperture of a predeter 
mined shape (a pattern of the bank 5 to be formed) is placed 
over the prebaked bank material. After exposing the bank 
material to light from over the mask, unhardened, redundant 
bank material is removed by using a developer. Finally, by 
performing rinsing with pure water, the bank 5 is yielded. 

Next, drops of ink composition containing organic amine 
containing molecular material are dripped onto the Surface of 
the hole injection layer 4 by a wet process. Such as spin 
coating or an inkjet method, and the solvent is removed by 
volatilization. The buffer layer 6A is thus formed. 

Next, drops of ink composition containing organic light 
emitting material are dripped by the same method onto the 
surface of the buffer layer 6A, and the solvent is removed by 
volatilization. The light-emitting layer 6B is thus formed. 
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Here, it should be noted that the method for forming the 
buffer layer 6A and the light-emitting layer 6B is not limited 
to the above method. Other than spin coating and the inkjet 
method, ink may be ejected/applied by another commonly 
known method such as the gravure printing method, the dis 
penser method, the nozzle coating method, the intaglio print 
ing method, or the relief printing method. 

Next, the electron injection layer 7 and the cathode 8 are 
formed on the surface of the light-emitting layer 6B by 
vacuum deposition. 

Finally, the sealing layer 9 is formed. When a sealing cap is 
provided instead of the sealing layer 9, the sealing cap may be 
formed of for instance, the same material as the Substrate 1, 
and a getter which absorbs moisture and the like may be 
provided within the space enclosed by the sealing cap. 

Through the manufacturing steps described above, the 
organic EL element 1000 is completed. 

<Experiments on Film Forming Conditions for Hole injec 
tion Layer 4 and Analysis of Results-> 

(Film Forming Conditions for Hole Injection Layer 4) 
In the present embodiment, the tungsten oxide constituting 

the hole injection layer 4 is formed under predetermined film 
forming conditions, thus intentionally providing the hole 
injection layer 4 with a nanocrystal structure to improve hole 
conduction properties and allows for a low driving Voltage for 
the organic EL element 1000. These predetermined film 
forming conditions are now described in detail. These prede 
termined film forming conditions are now described in detail. 
A DC magnetron Sputtering device was used as the sput 

tering device, with metaltungsten as the Sputtering target. The 
substrate temperature was not controlled. It is considered 
desirable to form the film using the reactive sputtering 
method, with argon gas as the Sputtering gas, oxygen gas as 
the reactive gas, and an equivalent amount of each gas 
released. Well-known methods other than sputtering may be 
used for film formation, such as the vapor deposition method 
or CVD. 

In order to form a tungsten oxide film with high crystallin 
ity, it is necessary for atoms to form a regular film on the 
substrate, and it is desirable to form the film at as low a 
deposition rate as possible. 
The film forming rate during film formation by Sputtering 

is considered to depend on the above conditions (1) through 
(4). As a result of the experiments described below, it was 
confirmed that with the above numerical ranges for condi 
tions (1) through (4), the driving Voltage lowers, and a tung 
sten oxide film with high crystallinity is obtained. 

With respect to condition (1), note that while the upper 
limit of the total pressure in the experiment conditions 
described below is 4.7 Pa, it was confirmed separately that a 
similar trend is exhibited at least up to 7.0 Pa. 

Furthermore, with respect to condition (2), while the par 
tial pressure of the oxygen gas with respect to the total pres 
Sure is set to 50%, the reduction in driving Voltage was con 
firmed at least in the range between 50% and 70%. 
A further explanation of condition (4) is now provided. 

When the amounts of argon gas and oxygen gas that are 
released are equivalent, it is assumed that film properties are 
determined by the input power density and the pressure at the 
time of film formation (total pressure). The input power den 
sity in condition (3) changes both the number and energy of 
sputtered tungstenatoms and tungsten atom clusters. In other 
words, by reducing the input power density, the number of 
sputtered tungsten atoms decreases, so that the tungsten film 
formed on the Substrate can be formed at a low energy, thus 
offering the promise offilm formationata low film formation 
rate. The total pressure at the time of film formation in con 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
dition (1) changes the mean free path to the film formation 
Substrate of the tungsten atoms and tungsten atom clusters 
that are sputtered and released in the gas phase. In other 
words, when the total pressure is high, the probability that the 
tungsten atoms and tungsten atom clusters will repeatedly 
collide with gas components in the film formation chamber 
before reaching the substrate increases. It is considered that 
an increase in the randomness of the flying tungsten atoms 
and tungsten atom clusters reduces the number of tungsten 
atoms that form as a film on the Substrate and causes the 
tungsten to form the film at a low energy. As a result, film 
formation at a low film formation rate can be expected. 

It is considered, however, that there are limits to the extent 
to which device characteristics can be improved by indepen 
dently controlling the input power density and the total pres 
sure at the time of film formation in order to change the film 
forming rate during Sputtering. Accordingly, the value 
yielded by dividing the total pressure at the time of film 
formation (Pa) by the input power density (W/cm) was 
established as a new film forming condition (4) serving as an 
index to determine the film forming rate of the tungsten 
atOmS. 

Through experiment, the following tendencies were con 
firmed; as the value of the film forming condition (4) 
increases, the driving Voltage decreases, and the film forming 
rate decreases; conversely, as the value of the film forming 
condition (4) decreases, the driving Voltage increases, and the 
film forming rate increases. 

Specifically, in the experiment conditions described below, 
the total pressure/power density was at least 0.78 Pacm/W. 
A value larger than 0.7 Pacm/Wisconsidered desirable, and 
for even more reliable film formation, a value of 0.8 
Pacm/W or greater is considered desirable. On the other 
hand, the upper limit on the total pressure/power density was 
3.13 Pacm/W in the experiment conditions. A value less 
than 3.2 Pacm/W is considered desirable, and for even more 
reliable film formation, a value of 3.1 Pacm/W or less is 
considered desirable. As described above, however, out of 
consideration for the film formation rate, restrictions are not 
necessarily placed on the upper limit. 

Next, the inventors confirmed the validity of the above film 
forming conditions through experiments. 

First, hole-only device 1000A as illustrated in FIG. 2 were 
manufactured as assessment devices in order to assess the 
degree to which the hole conduction efficiency from the hole 
injection layer 4 to the buffer layer 6A depends on film 
forming conditions. 

In an actual operating organic EL element, the carriers 
constituting electric current consist of both holes and elec 
trons. As such, the electrical characteristics of an organic EL 
element reflect not only hole current, but also electron cur 
rent. In a hole-only device, however, the injection of electrons 
from the cathode is blocked, and there is almost no flow of 
electron current. Therefore, the current consists almost 
entirely of hole current. The carriers can thus be considered 
almost entirely to be holes, making the hole-only device 
appropriate for assessment of hole conduction efficiency. 
As illustrated in FIG. 2, the hole-only device 1000A is the 

organic EL element 1000 in FIG. 1A, with the cathode 8 
replaced by a cathode 8A made from gold. Specifically, the 
hole-only device 1000A was formed based on the above 
described manufacturing method. A hole injection layer 4 
composed oftungsten oxide has a thickness of 30 nm, a buffer 
layer 6A composed of TFB has a thickness of 20 nm, a 
light-emitting layer 6B composed of F8BT has a thickness of 
70 nm, and a cathode 6A composed of gold has a thickness of 
100 nm. 
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In the manufacturing of the hole-only devices 1000A, the 
hole injection layer 4 was formed by applying the reactive 
sputtering method with a DC magnetron Sputtering device. 
The gas introduced into the chamber was composed of at least 
one of argon gas and oxygen gas, and the Sputtering target 
used was metal tungsten. The Substrate temperature was not 
controlled, whereas the total pressure was adjusted by vary 
ing the flow amount of each gas. As shown in Table 1, the 
hole-only devices 1000A were manufactured under each of 
five film forming conditions. A through E. The total pressure 
and the input power density differed between the film forming 
conditions, as can be seen in Table 1. The partial pressure of 
the argon gas and the oxygen gas in the chamber were each 
50%. 

Hereinafter, the hole-only device 1000A formed under film 
forming conditions A is referred to as HOD-A, the hole-only 
device 1000A formed under film forming conditions B is 
referred to as HOD-B, the hole-only device 1000A formed 
under film forming conditions C is referred to as HOD-C, the 
hole-only device 1000A formed under film forming condi 
tions D is referred to as HOD-D, and the hole-only device 
1000A formed under film forming conditions E is referred to 
as HOD-E. 

TABLE 1. 

Total Oxygen Input Power Total Pressure? 
Film Forming Pressure Partial Density Power Density 
Conditions (Pa.) Pressure (%) (W/cm) (Pa., cm/W) 

A. 4.70 50 1...SO 3.13 
B 4.70 50 3.00 1.57 
C 4.70 50 6.OO O.78 
D 2.35 50 1...SO 1.57 
E 2.35 SO 6.00 O.39 

Each of the hole-only devices thus prepared was then con 
nected to the direct current Voltage source DC, so that Voltage 
was applied thereto. Furthermore, by changing the applied 
Voltage, an electric current value per unit Surface area (current 
density) was calculated for different voltages. 

FIG.3 is a device characteristics diagram showing relation 
curves illustrating relations between applied Voltage and cur 
rent density of the hole-only devices. In FIG. 3, the vertical 
axis indicates current density (mA/cm), whereas the hori 
Zontal axis indicates applied Voltage (V). 

Table 2 shows the driving voltage for each sample HOD-A 
through HOD-E yielded by the corresponding experiment. 
Note that the expression “driving voltage' in Table 2 is the 
Voltage applied when the current density value is a specific, 
practical value of 0.3 mA/cm2. 

TABLE 2 

Name of Sample Driving Voltage (V) 

HOD-A 6.25 
HOD-B 7.50 
HOD-C 8. SO 
HOD-D 8. SO 
HOD-E 9.49 

The hole conduction efficiency of the hole injection layer 4 
is said to be higher as the driving Voltage is Smaller, for the 
following reason. That is, the members composing the hole 
only devices 10A, other than the hole injection layer 4, were 
prepared according to the same manufacturing method. Thus, 
it could be assumed that the hole injection barrier between 
two adjacent layers, other than the hole injection layer 4 is 
uniform in each of the hole-only devices 10A. Furthermore, it 
was confirmed through another experiment that the ITO layer 
3 and the hole injection layer 4 in this experiment are in ohmic 
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contact. Accordingly, the differences in driving Voltage 
depending on the film forming conditions for the hole injec 
tion layer 4 can be considered to strongly reflect the hole 
conduction efficiency from the hole injection layer 4 to the 
buffer layer 6A. 
As illustrated in Table 2 and FIG. 3, it is clear that as 

compared to HOD-E, which is manufactured under the film 
forming conditions with a low total pressure and the maxi 
mum input power density, HOD-A through HOD-D have 
Superior hole conduction efficiency. 
Thus far, tests on the hole conduction efficiency of the hole 

injection layer 4 in the hole-only devices 1000A have been 
described. Except for the cathode 8A, the hole-only devices 
1000A has the same structure as the organic EL element 1000, 
which actually operates (FIGS. 1A and 1B). Accordingly, in 
the organic EL element 1000 as well, the dependence of the 
hole conduction efficiency from the hole injection layer 4 to 
the buffer layer 6A on film forming conditions is essentially 
the same as the hole-only devices 1000A. In order to confirm 
this point, organic EL elements 1000 were prepared using a 
hole injection layer 4 formed under film forming conditions A 
through E. Hereinafter, the organic EL element 1000 formed 
under film forming conditions A is referred to as BPD-A, the 
organic EL element 1000 formed under film forming condi 
tions B is referred to as BPD-B, the organic EL element 1000 
formed under film forming conditions C is referred to as 
BPD-C, the organic EL element 1000 formed under film 
forming conditions D is referred to as BPD-D, and the organic 
EL element 1000 formed under film forming conditions E is 
referred to as BPD-E. 

Each organic EL element thus formed was manufactured 
by using the above-described manufacturing method. A hole 
injection layer 4 composed oftungsten oxide has a thickness 
of 30 nm, a buffer layer 6A composed of TFB has a thickness 
of 20 nmi; a light-emitting layer 6B composed of F8BT has a 
thickness of 70 nm, an electron injection layer 7 composed of 
a barium layer has a thickness of 5 nm, and a cathode 8 
composed of aluminum layer has a thickness of 100 nm. Each 
sample organic EL apparatus 1000 prepared under film form 
ing conditions A through E was connected to the direct cur 
rent power source DC. So that Voltage was applied thereto. 
Furthermore, by changing the applied Voltage, an electric 
current value per unit Surface area (current density) was cal 
culated for different voltages. 

FIG. 4 is a device characteristics diagram showing relation 
curves illustrating relations between applied Voltage and cur 
rent density of organic EL elements. In FIG. 4, the vertical 
axis indicates current density (mA/cm), whereas the hori 
Zontal axis indicates applied voltage (V). Table 3 shows the 
driving voltage for each sample BOD-A through BOD-E 
yielded by the corresponding experiment. Note that the 
expression “driving voltage' in Table 3 is the voltage applied 
when the current density value is a specific, practical value of 
8 mA/cm. 

TABLE 3 

Name of Sample Driving Voltage (V) 

BPD-A 9.25 
BPD-B 11.25 
BPD-C 11...SO 
BPD-D 12.25 
BPD-E 14.00 

As illustrated in Table 3 and FIG.4, compared to the other 
organic EL elements, the current density-applied Voltage 
curve rises the slowest for BPD-E, which requires the highest 
applied Voltage in order to achieve a high current density. This 
trend is similar to the trend observed in the hole-only devices 
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HOD-A through HOD-E, which were prepared under the 
same respective film forming conditions. 
From the above results, it was confirmed that in the organic 

EL elements 1000 as well, the hole conduction efficiency of 
the hole injection layer 4 depends on the film forming condi 
tions, similar to the case of the hole-only devices 1000A. 
Specifically, it was confirmed that forming the film under the 
conditions provided by the ranges in film forming conditions 
A, B, C, and D increases the hole conduction efficiency from 
the hole injection layer 4 to the buffer layer 6A, thereby 
achieving a low driving Voltage. 

Note that among the above conditions, the condition con 
cerning input power is represented in terms of input power 
density, as indicated in Table 1. When using a DC magnetron 
sputtering device that is different from the DC magnetron 
sputtering device used in the present experiment, a hole injec 
tion layer 4 composed ofatungsten oxide layer with excellent 
hole conduction efficiency, as in the present experiment, can 
be yielded by adjusting the input power according to the size 
of the magnet at the back Surface of the Sputtering target so 
that the input power density fulfills the above condition. Con 
ditions on total pressure and oxygen partial pressure, on the 
other hand, are independent of the device, the size of the 
target, and the magnet size of the target. 

Additionally, as already explained above, no intentional 
adjustment of the substrate temperature was performed while 
forming the hole injection layer 4 by applying the reactive 
sputtering method, and during the experiment, the Sputtering 
device was placed under room temperature. Therefore, the 
Substrate was at room temperature at least before the forming 
of the hole injection layer 4. However, while the hole injection 
layer 4 was being formed, there is a possibility that the sub 
strate temperature may have risen by several tens of degrees 
Celsius. 

Note that through a separate experiment, the inventors 
confirmed that when the oxygen partial pressure is raised too 
high, the driving Voltage conversely ends up rising. Accord 
ingly, it is desirable for the oxygen partial pressure to be 
between 50% and 70%. 

The above experiment results indicate that for a low driving 
Voltage, an organic EL element provided with a hole injection 
layer manufactured under film forming conditions A, B, C, 
and D is desirable, and that an organic EL element manufac 
tured under film forming conditions A and B is even more 
desirable. Hereinafter, an organic EL element provided with a 
hole injection layer manufactured under film forming condi 
tions A, B, C, or D is the target of the present disclosure. 

(Chemical State of Tungsten in the Hole Injection Layer 4) 
The above-described nanocrystal structure exists in the 

tungsten oxide constituting the hole injection layer 4 in the 
organic EL element 1000 of the present embodiment. This 
nanocrystal structure is formed by adjusting the film forming 
conditions described in the experiments above. Details are 
provided below. 

In order to confirm that a nanocrystal structure is found in 
the tungsten oxide formed under the above film forming 
conditions A through E, a hard X-ray photoelectron spectros 
copy (HAXPES) measurement (hereinafter simply referred 
to as “XPS measurement”) experiment was performed. Typi 
cally, the information depth of an optical spectrum yielded by 
hard X-ray photoelectron spectroscopy (hereinafter simply 
referred to as “XPS spectrum”) reflecting the average valence 
of the film is determined by the angle between the surface of 
the target of measurement and the direction in which the 
photoelectron is detected by the detector that detects photo 
electrons. In the present experiment, the angle between the 
direction in which photoelectrons are detected and the surface 
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of the tungsten oxide layer during the XPS measurement was 
40° in order to observe the average valence in the direction of 
thickness of the tungsten oxide layer. 
The conditions under which the XPS measurement was 

conducted are as follows. Note that no charge-up occurred 
during measurement. 
(XPS Measurement Conditions) 
Device used: R-4000 (manufactured by VG-SCIENTA) 
Light source: synchrotron radiation (7856 eV) 
Bias: None 
Electron emission angle: angle of 40° with substrate sur 

face 
Interval between measurement points: 0.05 eV 
Samples for XPS measurement were manufactured under 

the film forming conditions A through E shown in Table 1. 
The hole injection layer 4 was formed to a thickness of 30 nm 
by the above reactive sputtering method on an ITO conductive 
Substrate formed on glass. The result was taken as the sample 
for XPS measurement. The samples for XPS measurement 
manufactured under the film forming conditions A, B, C, D, 
and E are hereinafter respectively referred to as sample A, 
sample B, sample C, sample D, and sample E. XPS measure 
ment was then performed on the surface of the hole injection 
layer 4 in each of the samples A through E. FIG.5 is a diagram 
illustrating the resulting spectra. 

In FIG. 5, the horizontal axis represents binding energy, 
corresponding to the energy level of the photoelectrons at 
each energy level with the X-ray as a reference. The left 
direction with respect to the origin is positive. The vertical 
axis represents photoelectron intensity and corresponds to 
individually measured photoelectrons. As illustrated in FIG. 
5, three peaks were observed. From the left side of the figure 
to the right, the peaks belong to the following energy levels of 
tungsten: 5p (W5p), 4fs (W4f), and 4f7 (W4f72). 

Next, peak fitting analysis was performed on the peaks 
belonging to the energy levels W5p, W4fs, and W4f, of 
the spectra for sample A and, as a comparative example, for 
sample E. 
The peak fitting analysis was performed as follows. 
The peak fitting analysis was performed using XPSPEAK 

Version 4.1, which is software for photoelectron spectros 
copy analysis. First, based on the photoionization cross-sec 
tion for the hard X-ray energy of 794.0 eV, the peak area 
intensity ratio for the energy levels W4f72, W4fs, and 
W5p was fixed as follows: W4f7:W4f:W5p–4:3: 
10.5. As shown in Table 4, the peak top belonging to a Valence 
of six at the surface discontinuity energy level of W4f. 
(W"4f) was aligned with an energy of 35.7 eV. Next, the 
peak energy and the peak full width at half maximum for each 
of the peaks belonging to the Surface photoelectron peak 
(W'5p), a valence of six at the surface discontinuity 
energy level (W"5p), and a valence of five at the surface 
discontinuity energy level (W"5p) of W5ps were set to 
the values listed in Table 4. Similarly, for W4fs and W4f, 
the peak energy and the peak full width at half maximum for 
each of the peaks belonging to the Surface photoelectron peak 
(W'4fs, W'4f7), a valence of six at the surface discon 
tinuity energy level (W"4fs), and a valence of five at the 
surface discontinuity energy level (W"4f. W“4f) were 
set to the values listed in Table 4. After setting the peak 
intensities to a desired value, calculations were performed a 
maximum of 100 times using a Gaussian-Lorentzian mixed 
function to obtain the final peak fitting analysis results. In the 
mixed function, the ratio in the Lorentzian function was set as 
indicated in Table 4. 
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TABLE 4 

Corresponding - WSDal- W4f. - Willo 

peak W5p W5p W5p, W4f. W*4f W*4f. W. 4f, W*4f, W*4f, 
Peak Energy 42.30 to 41.20 to 39.70 to 38.75 to 37.80 to 36.72 to 36.60 to 35.70 34.60 to 
(eV) 43.07 41.30 38.65 39.13 37.85 36.9S 36.90 (reference) 34.80 
Value of full 1.73 to 1.93 to 1.8 to 1.40 to O.87 to O.90 to 1.40 to O.87 to O.90 to 
width at half 2.40 2.24 2.86 1.60 O.98 1...SO 1.60 O.98 1...SO 
maximum (eV) 
Lorentzian O 13 to O to O to O to O to O to O to O to 
function ratio (%) 40 25 57 6 2O 57 6 2O 

FIGS. 6A and 6B show the final peak fitting analysis 
results. FIG. 6A shows the analysis results for sample A, and 
FIG. 6B shows the analysis results for sample E. 

In both FIGS. 6A and 6B, the dashed lines (sample A, 
sample E) are actual measured spectra (corresponding to the 
spectra in FIG. 5), the lines with alternate long and two short 
dashes (Surface) are the spectra belonging to the Surface pho 
toelectron peaks of W"5p, W'4f, and W"4f the 
dottedlines (W")are the spectra belonging to a valence of six 
at the surface discontinuity energy level of W5p, W" 
4f72, and W"4fs2, and the alternating long and short dashed 
lines (W")are the spectra belonging to a valence offive at the 
surface discontinuity energy level of W“5, W"4fs, and 
W"4f. The solid lines (fit) are the spectra yielded by sum 
ming the spectra indicated by the lines with alternate long and 
two short dashes and the alternating long and short dashed 
lines. Note that in FIGS.6A and 6B, the peak belonging to the 
tungsten with a valence of five indicated by the alternating 
long and short dashed line is considered to derive only from 
tungsten with a valence of five. 
As illustrated in FIGS. 6A and 6B, the spectra belonging to 

the energy levels 5p, 4fs, and 4f7 are constituted by a 
sum of the peak due to photoelectrons from the surface of the 
hole injection layer 4 (Surface), the peak of tungsten atoms 
with a valence of six included at the depth at which photo 
electrons are detected within the hole injection layer 4 (W), 
and the peak oftungsten atoms with a Valence offive included 
at the same depth (W"). 

Furthermore, FIG. 6A shows that for sample A, a peak for 
W" corresponding to each energy level occurs in a binding 
energy region that is 0.3 eV to 1.8 eV lower than each of the 
peaks belonging to the energy levels 5ps 2, 4fs2, and 4f72 in 
the W" spectra. On the other hand, in FIG. 6B, no such peak 
for W" is evident for sample E. For the purposes of illustra 
tion, the peak belonging to 4f, in the W" spectrum for 
sample A and for sample E is shown enlarged to the right of 
FIGS. 6A and 6B. As shown in (c) of FIG. 6A, the peak for 
W" is clearly observable for sample A, whereas no such peak 
for W" is observable for sample E. 

Furthermore, looking more closely at the enlarged dia 
grams in FIGS. 6A and 6B, the solid line (fit), which is the 
Summed spectrum resulting from peak fitting, exhibits a large 
“shift” in sample A with respect to the spectrum for W" 
indicated by the dotted line (W). In sample E, however, the 
“shift” is not as large as in sample A. In other words, the 
“shift” in sample A can be inferred as suggestive of the 
existence of tungsten atoms with a valence of five. 

Next, for samples A through E, the abundance ratio W"/ 
W" of the number of tungsten atoms with a valence of five 
Versus the number oftungstenatoms with a valence of six was 
calculated. The abundance ratio was calculated, in the spec 
trum obtained through peak fitting analysis on each sample, 
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by dividing the area intensity of the peak for W" (alternating 
long and short dashed line) by the area intensity of the peak 
for W" (dotted line). 

Note that in principle, representing the abundance ratio of 
the number of tungsten atoms with a valence of six to the 
number oftungsten atoms with a valence offive as the ratio of 
the area intensity of the peak for W" to the area intensity of 
the peak for W" in W4f, is equivalent to representing the 
abundance ratio based on the peaks belonging to W5p and 
W4fs. In the present experiment, it was confirmed that the 
ratio of the area intensity of W*4f, to the area intensity of 
W"4f, in W4f, was indeed the same value for W5p and 
for W4fs as well. Accordingly, in the following analysis, 
only the peak belonging to W4f7 is considered. 

Table 5 shows the ratio W/W for samples A through E. 

TABLE 5 

Name of Sample W5+/W6+ 

Sample A 7.4% 
Sample B 6.1% 
Sample C 3.2% 
Sample D 3.2% 
Sample E 1.8% 

Based on the values of W"/W" in Table 5, it was con 
firmed that the sample including the most tungsten atoms 
with a valence of five was sample A, followed by samples B, 
C, and D in decreasing order. Furthermore, based on the 
results in Table 3 and Table 5, it became clear that as the value 
of W"/W" increases, the driving voltage of the organic EL 
element decreases. 

(Electronic State of Tungsten in the Hole Injection Layer 4) 
The tungsten oxide film formed under the above film form 

ing conditions A through D has, in an electronic state thereof, 
an occupied energy level in a binding energy region that is 
between 1.8 eV and 3.6 eV lower than the upper end of the 
Valence band, i.e. the lowest binding energy of the Valence 
band. This occupied energy level corresponds to the highest 
occupied energy level of the hole injection layer 4, and the 
binding energy range thereof is closest to the Fermi Surface of 
the hole injection layer 4. The occupied energy level is here 
inafter referred to as “the occupied energy level near the 
Fermi surface'. 
Due to the existence of this occupied energy level near the 

Fermi Surface, a so-called interface energy level alignment is 
formed at the layer interface between the hole injection layer 
4 and the buffer layer 6A, so that the binding energy of the 
highest occupied molecular orbital of the buffer layer 6A and 
the binding energy of the occupied energy level near the 
Fermi surface of the hole injection layer 4 become approxi 
mately equal. In other words, due to the existence of the 
occupied energy level, the hole injection barrier between the 
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hole injection layer 4 and the buffer layer 6A is reduced. This 
allows for even better hole conduction efficiency as well as 
driving at a lower Voltage. 

Note that the expressions “approximately equal to and 
“interface energy level alignment is formed as referred to 
herein indicate that at the interface between the hole injection 
layer 4 and the buffer layer 6A, the difference between the 
lowest binding energy at the occupied energy level near the 
Fermi Surface and the lowest binding energy at the highest 
occupied molecular orbital is +0.3 eV. 

Furthermore, the expression “interface' as referred to here 
denotes an area that includes a Surface of the hole injection 
layer 4 and a portion of the buffer layer 6A within a distance 
of 0.3 nm from the surface of the hole injection layer 4. 

While it is desirable that the occupied energy level near the 
Fermi surface exist throughout the hole injection layer 4, it 
suffices for this occupied energy level to exist at the interface 
with the buffer layer 6A. 

Next, experiments to confirm the existence of the occupied 
energy level near the Fermi surface in the hole injection layer 
4 of sample A and sample E were performed using ultraviolet 
photoelectron spectroscopy (UPS) measurement. 
The forming of the hole injection layer 4 in Sample A and 

sample E was performed inside a sputtering device. Then, to 
prevent atmospheric exposure, Samples A and E were trans 
ported to a glovebox which was connected to the Sputtering 
device and which was filled with nitrogen gas. Subsequently, 
the samples were sealed inside transfer vessels in the glove 
box, and were mounted on a photoelectron spectroscopy 
device. After formation, the hole injection layer 4 was there 
fore not exposed to the atmosphere before UPS measurement 
was performed. 

In general, a UPS spectrum obtained as a result of the UPS 
measurement reflects a state of occupied energy levels, such 
as a valence band and the like, within several nanometers in 
distance from the Surface of the target of measurement. As 
Such, the present experiment was conducted in order to 
observe the State of occupied energy levels at a Surface por 
tion of the hole injection layer 4 by utilizing UPS measure 
ment. 
The conditions under which the UPS measurement was 

conducted are as follows. Note that charge-up did not occur 
during measurement. 
(UPS Measurement Conditions) 
Device used: PHI 5000 VersaProbe Scanning X-ray Pho 

toelectron Spectroscopy Device (manufactured by ULVAC 
PHI, Inc.) 

Light source: He I line 
Bias: None 
Electron emission angle: Direction of normal line to the 

substrate 
Interval between measurement points: 0.05 eV 
FIG. 7 is a diagram illustrating a UPS spectrum of the hole 

injection layer 4 of sample A. The origin of the horizontal 
axis, which represents binding energy, corresponds to the 
Fermi surface of the substrate 7, and the left direction with 
respect to the origin is positive. Each of the occupied energy 
levels of the hole injection layer 4 is now described with 
reference to FIG. 7. 
Commonly, a UPS spectrum of tungsten oxide indicates a 

distinct, rapid rise which can be uniquely distinguished from 
other areas thereof. Here, a tangential line passing through an 
inflection point of the above rise is referred to as line (i), and 
the point at which line (i) intersects the horizontal axis is 
referred to as point (iii). The UPS spectrum oftungsten oxide 
can be divided into two areas: area X that extends in the high 
binding energy direction from point (iii), and area y that 
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22 
extends in the low binding energy direction (i.e. towards the 
Fermi surface) from point (iii). 

Using the same XPS measurement as described above, it 
was confirmed that the ratio of the number oftungsten atoms 
to the number of oxygen atoms was nearly 1:3 in both of the 
samples A and E. Specifically, the composition ratio oftung 
stento oxygen within several nanometers in distance from the 
Surface of the hole injection layer 4 was estimated. 

Based on this ratio, it can be concluded that in both samples 
A and E, the hole injection layer 4 has a basic structure with 
atomic coordinates based on tungsten trioxide (details are 
provided in the following section), at least to a depth of 
several nanometers from the Surface. Accordingly, regionX in 
FIG. 7 corresponds to an occupied energy level deriving from 
the above basic structure, i.e. a region corresponding to a 
so-called valence band. Note that the inventors performed 
X-ray absorption fine structure (XAFS) measurement with 
respect to the hole injection layer 4 of both samples A and E 
and confirmed that the above basic structure is formed 
therein. 

Accordingly, the areay illustrated in FIG. 7 corresponds to 
a band gap between the Valence band and the conduction 
band. It is commonly known, however, that an occupied 
energy level that differs from the occupied energy level of the 
Valence band may exist in this area of the tungsten oxide, as is 
suggested by the UPS spectrum in FIG. 7. This occupied 
energy level in area y derives from another structure that is 
different from the above-mentioned basic structure, and is 
referred to as a band gap energy level (in-gap state or gap 
state). 

Next, FIG. 8 is a diagram illustrating a UPS spectrum of the 
hole injection layer 4 in samples A and E within area y. The 
spectrum intensity indicated by the vertical axis in FIG. 8 has 
been normalized using the peak-top intensity value of a peak 
(ii) in FIG. 7, which is located approximately between 3 eV 
and 4 eV in the high binding energy direction from point (iii). 
In addition, note that point (iii) in FIG. 8 is illustrated at the 
same point on the horizontal axis as in FIG. 7. In FIG. 8, the 
horizontal axis indicates a relative value (relative binding 
energy) with respect to point (iii), and the binding energy 
decreases from left to right (towards the Fermi surface). 
As illustrated in FIG. 8, the spectrum indicating the hole 

injection layer 4 of sample A exhibits a peak in an area 
between a point which is 3.6 eV lower in terms of binding 
energy than point (iii) and a point which is 1.8 eV lower in 
terms of binding energy than point (iii). The point at which 
this peak clearly begins is labeled as point (iv) in FIG.8. The 
existence of Such a peak is not observed in the spectrum for 
sample E. 

Forming the hole injection layer from tungsten oxide hav 
ing a structure such that the UPS spectrum thereof indicates 
an upward protrusion (not necessarily in the form of a peak) 
in an area which is between 1.8 eV and 3.6 eV lower in terms 
of binding energy than point (iii) provides the organic EL 
element with excellent hole conduction efficiency. 

Furthermore, it has been found that hole injection effi 
ciency increases when this upward protrusion has a higher 
degree of sharpness. Therefore, as illustrated in FIG. 8, it can 
be said that the area that is between 2.0 eV and 3.2 eV lower 
than point (iii) in terms of binding energy is particularly 
important, since the upward protrusion is relatively easier to 
confirm in this area and has a relatively sharper inclination. 

(Relationship Between Value of W*/W" and Driving 
Voltage) 

FIG. 9 is a diagram illustrating the structure along the 
Surface of the tungsten oxide layer. In this figure, tungsten 
trioxide (WO) is used as an example oftungsten oxide. As 
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illustrated in FIG. 9, tungsten atoms are surrounded by six 
oxygen atoms to form an octahedron with the six oxygen 
atoms at the vertices. The octahedrons share the vertices and 
connect to each other. For the sake of simplicity, in this figure 
the octahedrons are drawn as regular octahedrons, such as the 
rhenium oxide structure. In practice, the octahedrons them 
selves are somewhat distorted but they order periodically. 
As illustrated in FIG. 9, tungsten atoms are terminated by 

oxygenatoms within the crystal, whereas at the crystal inter 
face, two types oftungsten atoms are thought to exist: tung 
Sten atoms (b) Surrounded by terminal oxygen atoms, and 
tungsten atoms (a) not terminated in this way. Non-Patent 
Literature 4 reports how first principles calculation reveals 
that a structure where a part of the tungsten atoms at the 
crystal interface remain not terminated (corresponding to the 
non-terminated tungsten atoms (a)), as in FIG. 9, is more 
stable in terms of energy than a structure where all of the 
tungsten atoms at the crystal interface are terminated in oxy 
gen atoms. The reason for this is that when all of the tungsten 
atoms at the crystal interface are terminated in oxygenatoms, 
the electric repulsive force between terminal oxygen atoms 
increases, which results in a loss of stability. In other words, 
at the crystal interface, the presence of an oxygen vacancy or 
a similar structure (a) along the Surface results in higher 
stability. 

Tungsten atoms terminated in oxygen atoms, i.e. tungsten 
atoms not having oxygen vacancies or similar structures (a), 
correspond to tungsten atoms with a valence of six. On the 
other hand, tungsten atoms not terminated in oxygen atoms, 
i.e. tungsten atoms having the structure (a) similar to an 
oxygen vacancy, correspond to tungstenatoms with a valence 
offive (including a valence of at least five and less than six). 

Tungsten atoms with a valence of five are considered to 
have a structure with alone pair of electrons due to the loss of 
one oxygen atom in octahedral coordination. In other words, 
it is thought that a tungsten atom with a valence of five 
Supplies a hole with its own lone pair of electrons, so that the 
tungsten atom with a Valence of five that Supplied the elec 
trons has a hole. Due to the bias voltage applied to the hole 
injection layer, this provision of an electron from a lone pair 
of electrons existing in a tungsten atom with a valence of five 
is thought to occur continuously, leading to hole conduction 
in which holes move in the direction of lower electric poten 
tial and electrons move in the direction of higher electric 
potential. The hole injection layer 4 having a high value for 
W"/W" in sample A, i.e. a high ratio oftungsten atoms with 
the Valence of five, thus has abundant hole conduction paths, 
allowing for driving at a low Voltage due to hole conduction at 
a low Voltage. As a result, the organic EL element has excel 
lent hole conduction efficiency. 

Furthermore, in samples C and D, while the value of W"/ 
W" was not as high as Sample A, good hole conduction was 
confirmed even at a value of approximately 3.2%. 

(Microstructure of Tungsten in the Hole Injection Layer 4) 
The tungsten oxide film constituting the hole injection 

layer 4 has a nanocrystal structure. This nanocrystal structure 
is formed by adjusting the film forming conditions. Details 
are provided below. 

In order to confirm the existence of the nanocrystal struc 
ture in the tungsten oxide layer formed under film forming 
conditions A, B, C, D, and E listed in Table 1, a transmission 
electron microscope (TEM) measurement experiment was 
performed. 
The tungsten oxide layer in the sample for TEM measure 

ment was formed by the reactive Sputtering method using a 
DC magnetron Sputtering device under each set of conditions 
listed in Table 1. To form each sample, the hole injection layer 
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24 
4 was formed to a thickness of 30 nm by the above reactive 
sputtering method on an ITO conductive substrate formed on 
glass. The samples for TEM measurement manufactured 
under the film forming conditions A, B, C, D, and E are 
hereinafter respectively referred to as sample A, sample B. 
sample C, sample D, and sample E. Note that TEM measure 
ment was performed after confirming, by the above XPS 
measurement, that tungstenatoms with a valence offive were 
included in each of the samples A, B, C, and D. 

Typically, TEM measurement is performed on a surface by 
forming a thin Sample. A sample according to the present 
embodiment was manufactured as a cross-section of the tung 
sten oxide layer by using a focused ion beam (FIB) device to 
process sample and adjust the thickness of to approximately 
100 nm. The conditions for FIB processing and TEM mea 
Surement are as follows. 

(Conditions for FIB Processing) 
Device used: Quanta 200 (manufactured by FEI Company) 
Accelerating voltage: 30 kV (final voltage: 5 kV) 
Thickness of sample: 50 nm or less 
(Conditions for TEM Measurement) 
Device used: Topcon EM-002B (manufactured by Topcon 

Technohouse Corporation) 
Measurement method: high-resolution electron micros 

copy 
Accelerating voltage: 200 kV 
FIG. 10 is a diagram illustrating a TEM measurement 

photograph of a cross-section of the hole injection layer 4 in 
samples A, B, C, D, and E. The scale is indicated by the scale 
bar in each TEM photograph, and the display size of each 
TEM photograph is 560x506 pixels. The TEM photographs 
in FIG. 10 are shown with 256 gradations from the darkest to 
the brightest region. 

In the TEM photographs in FIG. 10, regular linear struc 
tures can be observed in samples A, B, C, and D as bright 
regions aligned in the same direction in portions of samples 
A, B, C, and D. As is clear from the scale of the TEM 
photographs, these linear structures are provided at intervals 
of approximately 1.85 angstroms to 5.55 angstroms. 
On the other hand, the bright regions are scattered irregu 

larly in Sample E, with no regular linear structures being 
observable. In the TEM photographs, regions with the above 
linear structures represent one nanocrystal oftungsten oxide. 
The TEM photographs thus confirm the presence of the 
nanocrystal structure of tungsten oxide in Samples A, B, C, 
and D. On the other hand, no nanocrystal structure could be 
confirmed in sample E. 

In the TEM photograph of sample A in FIG. 10, one of the 
nanocrystals, chosen arbitrarily, is outlined with a white line. 
Note that this outline is not precise, but rather is meant to be 
an example. This is because the TEM photograph shows not 
only the uppermost Surface in the cross-section, but also the 
conditions lower in the layer, thus making it difficult to pre 
cisely identify the outline. The size of the nanocrystal out 
lined with a white line in sample A is approximately between 
3 nm and 10 nm. 

FIG. 11 shows 2D Fourier transform images indicating the 
results of a 2D Fourier transform on the TEM measurement 
photographs in FIG. 10. The 2D Fourier transform images 
shown in FIG. 11 have a distribution indicating a reciprocal 
lattice space of the TEM measurement photographs in FIG. 
10. The 2D Fourier transform images in FIG. 11 were created 
by performing a Fourier transform on the TEM photographs 
of FIG. 10 using LAview Version #1.77, which is image 
processing Software. In the Fourier transform images in FIG. 
11, a bright region formed by two or three concentric circles 
centering on a center point of the Fourier transform images 
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appears for samples A, B, C, and D. While a bright region 
formed by concentric circles in the Fourier transform image 
can be confirmed for samples A, B, C, and D, an unclear circle 
appears in sample E. The lack of clarity of the bright region 
formed by concentric circles indicates a qualitative loss of 
order in the structure of the hole injection layer 4 in FIG. 10. 
In other words, samples A, B, C, and D, for which a bright 
region formed by concentric circles can be confirmed, are 
highly ordered, whereas sample E exhibits a loss of order. 

Next, graphs showing the change in luminance vs. the 
distance from the center point of the image to the outer edge 
were created from the 2D Fourier transform images in FIG. 
11. FIGS. 12A and 12B show an outline of the method of 
creating the graphs, using sample A as an example. 
As illustrated in FIG. 12A, the Fourier transform image 

was rotated 1° at a time around the center point, and the 
luminance versus the distance from the center point of the 
Fourier transform image to the outer edge of the photograph 
along the X-axis was measured. The Fourier transform image 
was rotated from 0 to 359°, and the distance from the center 
point of the Fourier transform image (horizontal axis) and the 
normalized luminance of the Fourier transform image (verti 
cal axis) were integrated over each 1° rotation of the Fourier 
transform image and divided by 260 to yield the graph shown 
in FIG. 12B. Microsoft Office Picture Manager was used to 
rotate the images, and the image processing Software Ima 
geNos was used to measure the distance from the centerpoint 
and the luminance of the Fourier transform image. Hereinaf 
ter, the plot created using the method described with reference 
to FIGS. 12A and 12B is referred to as a "plot of change in 
luminance'. 

FIGS. 13 and 14 illustrate the plots of change in luminance 
for samples A, B, C, D, and E. The plots of changes in 
luminance for samples A, B, C, D, and E clearly evidence a 
peak, labeled P1, other than a high luminance region at the 
center point of each sample. Hereinafter, the peak of the 
normalized luminance appearing nearest the center point in 
the plot of change in luminance is referred to as a “peak P1’. 
Furthermore, as compared to the peak P1 in sample E, the 
peak P1 in Samples A, B, C, and D has a sharply convex 
Structure. 

Next, the sharpness of the peak P1 in samples A, B, C, D, 
and E was assessed. FIGS. 15A and 15B show an outline of 
the method of assessment, using samples A and E as 
examples. 

FIGS. 15A and 15B are plots of change in luminance for 
samples A and E respectively. In FIGS. 15A and 15B, (a1) and 
(b1) are enlarged diagrams of the peak P1 and the Surrounding 
region in each sample. The “peak width L of the peak P1’, 
indicated by “L” in (a1) and (b1) of FIGS. 15A and 15B, is 
used as an index of how “pointed the peak P1 is. 

In order to more accurately determine this “peak width L of 
the peak P1’, the first derivative of the plot in (a1) and (b1) in 
FIGS. 15A and 15B is shown in (a2) and (b2) in FIGS. 15A 
and 15B. In (a2) and (b2) in FIGS. 15A and 15B, the peak 
width L is the difference between the value along the hori 
Zontal axis corresponding to the peak top of the peak P1 and 
the value along the horizontal axis, in the direction of the 
center point from the peak, corresponding to the position at 
which the derivative first becomes zero. Table 6 shows the 
values of the peak width L in samples A, B, C, D, and E, with 
the distance along the horizontal axis between the center 
point in the Fourier transform image and the peak top of the 
peak P1 normalized as 100. 
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TABLE 6 

Name of Sample Peak Width L 

Sample A 16.7 
Sample B 18.1 
Sample C 21.3 
Sample D 21.9 
Sample E 37.6 

As illustrated in Table 6, the peak width L is the smallest in 
sample A and increases in order in Samples B, C, and D. 
reaching its maximum value in sample E. Furthermore, in 
samples C and D, while the value of the peak width L was not 
as high as sample A, good hole conduction was confirmed 
even at a value of approximately 21.9. 
The values of the peak width L listed in Table 6 indicate the 

clarity of the bright region formed by the concentric circle 
closest to the center point in the Fourier transform images of 
FIG. 11. As the value of the peak width L decreases, the extent 
of the bright region formed by concentric circles is Smaller, 
indicating a greater level of regularity in the TEM photograph 
of the hole injection layer 4 in FIG. 10. Conversely, as the 
value of the peak width L is larger, the extent of the bright 
region formed by the concentric circle closest to the center 
point in the Fourier transform images of FIG. 11 is larger, 
indicating a loss of regularity in the microstructure in the 
TEM photograph of the hole injection layer 4 in FIG. 10. 
As described with reference to FIG.9, the basic structure of 

a single crystal tungsten oxide consists of periodically 
ordered connections of octahedrons. A nanocrystal structure 
is formed by a number of Such single crystals, i.e. nanocrys 
tals. Because the inside of these nanocrystals has a high level 
of regularity, it can be concluded that tungsten atoms with a 
valence of five are found not within nanocrystals, but rather 
along the Surface of nanocrystals. 

Based on the results of Tables 5 and 6, as the level of 
regularity in the film structure of the tungsten oxide layer 
decreases, the ratio oftungsten atoms with a valence of five 
clearly decreases. The reasons for this relationship are con 
sidered to be as follows. 

In the tungsten oxide film manufactured under film form 
ing conditions E, the above-described nanocrystals may exist, 
but most of the film is considered to be an amorphous struc 
ture. In the amorphous structure, most octahedrons are con 
nected to each other throughout the film, though nonperiodi 
cally and disorderly. Only a few discontinuities exist along 
the sequence of octahedron connections, so there are few 
grainboundaries which can contain oxygen vacancies, result 
ing in a low ratio of tungsten atoms with a valence of five. 
Consequently, the film lacks locations that become hole con 
duction paths, making driving at a low Voltage difficult. On 
the other hand, in the tungsten oxide film manufactured under 
film forming conditions A through D, the nanocrystals lie 
next to each other throughout the entire film, constituting the 
sequence of nanocrystal Surfaces/interfaces. Because the 
periodically ordered octahedron connections in the nanocrys 
tals end at their Surfaces/interfaces, there existtungstenatoms 
with a valence of five on the surfaces/interfaces, and they act 
as hole conduction paths, allowing for driving at low Voltage. 

(Analysis of Hole Conduction of Injected Holes) 
As described above, the basic structure of a single crystal 

tungsten oxide consists of periodically ordered connections 
of octahedrons. When the film is formed from octahedron 
connections without order and periodicity, an amorphous 
structure results, whereas forming the film from octahedron 
connections with order and periodicity results in a nanocrys 
tal structure. 
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When tungsten atoms with a valence of five are present in 
the tungsten oxide layer, the tungsten atoms are considered to 
form a structure with a lone pair of electrons when one of the 
oxygen atoms in octahedral coordination with a tungsten 
atom is lost. In other words, it is thought that a tungsten atom 
with a valence offive supplies a hole with its own lone pair of 
electrons, so that the tungsten atom with a valence of five that 
supplied the lone pair of electrons has a hole. Due to the bias 
Voltage applied to the hole injection layer, this provision of an 
electron from a lone pair of electrons existing in a tungsten 
atom with a valence of five is thought to occur continuously, 
leading to hole conduction in which holes move in the direc 
tion of lower electric potential and electrons move in the 
direction of higher electric potential. Accordingly, as more 
tungsten atoms with a valence of five are included, more 
tungstenatoms contribute to hole conduction, thus increasing 
the hole conduction efficiency. The inclusion of numerous 
tungsten atoms with a valence of five, however, is not a 
Sufficient condition for improving hole conduction proper 
ties. The reasons for this are described with reference to 
FIGS. 16A and 16B. 

FIG.16B is a conceptual diagram of conduction of holes 10 
by hopping conduction, illustrating conduction of holes 10 
through an amorphous structure. In the amorphous structure 
illustrated in FIG. 16B, the portions labeled 11 are crystals 
with a well-ordered rutile structure (segregated crystals 15). 
Numerous tungsten atoms with a Valence of five are found 
along the surface of the segregated crystals 15. On the other 
hand, region 16 excluding the segregated crystals 15 is an 
amorphous portion in which rutile structures are not well 
ordered. Not as many tungsten atoms with a valence of five 
exist as along the surface of the segregated crystals 15. In the 
amorphous structure, although tungsten atoms with a valence 
offive exist along the surface of the segregated crystals 15, the 
orbital of a tungsten atom with the valence of five does not 
overlap with the orbital of another nearby tungsten atom with 
a valence of five. Therefore, the holes 14 are thought to be 
conducted by hopping between tungstenatoms with a valence 
of five. In other words, in an amorphous structure, tungsten 
atoms with a valence of five are separated by a long distance. 
In order to exchange holes between tungsten atoms with the 
Valence of five, which act as hole conduction locations, it 
becomes necessary to apply an extremely high-voltage across 
the tungsten atoms with a valence of five, thereby increasing 
the driving Voltage of the element. 
By contrast, FIG. 16A is a conceptual diagram showing the 

conduction of holes 14 along the Surface of nanocrystals in 
order to illustrate the conduction of holes 14 in the case of a 
nanocrystal structure. As illustrated in FIG.16A, a nanocrys 
tal structure contains well-ordered rutile structures, so that the 
entire film is composed of microscopic crystals. The resulting 
mode of hole conduction differs from an amorphous film. As 
described above, tungsten atoms with a valence of five exist 
along the Surface of nanocrystals 9, and this surface region 
becomes a hole conduction region. It is considered that in a 
nanocrystal structure, holes 14 can be conducted at a low 
Voltage due to the continuity of surface regions that act as hole 
conducting regions. 
As described above, for a metal oxide film to have good 

hole conduction properties, it is considered necessary (1) for 
portions acting as hole conduction regions to exist, and (2) to 
increase the number of crystal interfaces in order for electron 
orbitals contributing to hole conduction to overlap. In other 
words, a metal oxide film 1) that includes metal atoms with a 
lower valence than the maximum possible valence of the 
metal atoms and that 2) has a nanocrystal structure can be 
considered a good structure for hole conduction. 
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Next, it is described how the effect of improving hole 

conduction properties is the dominating factor behind achiev 
ing a low driving Voltage by using tungsten oxide with a 
nanocrystal structure that includes a low valence. Reduction 
of driving Voltage can also be reduced by reducing the hole 
injection barrier at the interface between the anode 2 and the 
hole injection layer 4, and by reducing the hole injection 
barrier at the interface between the hole injection layer 4 and 
the buffer layer 6A. Here, the hole conduction energy was 
analyzed by UPS measurement oftungsten oxide films manu 
factured in the same way as the hole injection layer 4 in 
BPD-D and BPD-E, shown in Table 3, which have different 
hole injection characteristics. As shown in FIG.4, at a current 
density of 10 mA/cm, a difference of approximately 2V in 
the driving voltage was confirmed between BPD-D and BPD 
E, yet no difference in the hole conduction energy was 
observed by UPS. In other words, the difference in hole 
injection voltage between BPD-D and BPD-E was not caused 
by the hole injection barrier at the interface between the anode 
2 and the hole injection layer 4, nor by the hole injection 
barrier at the interface between the hole injection layer 4 and 
the buffer layer 6A. Rather, the difference was confirmed to 
derive from the film structure of the hole injection layer, as 
described above. 

(Regarding Film Loss of the Hole Injection Layer) 
When checking the hole-only devices HOD-A through 

HOD-E prepared in the above experiment, the inventors 
found that, upon completion of the hole-only devices HOD-A 
through HOD-E, the thickness of the hole injection layer 
included therein has decreased compared to immediately 
after the forming of the hole injection layer (the reduction in 
the thickness of the hole injection layer is referred to herein 
after as “film thickness reduction”). Confronting such a situ 
ation, the inventors made an assumption that this film thick 
ness reduction of the hole injection layer takes place during 
the processing of forming the banks. Based on Such an 
assumption, the inventors conducted a confirmation experi 
ment as described in the following so as to investigate the 
cause of the film thickness reduction of the hole injection 
layer. 

In specific, the inventors prepared hole-only devices 
HOD-a through HOD-c for the experiment. Each of the hole 
only devices was prepared by forming a film composed of 
tungsten oxide, which is to become the hole injection layer, 
on a glass Substrate by sputtering. In the following, the hole 
only devices HOD-a, HOD-b, and HOD-c are respectively 
referred to as samples a, b, and c. The film forming conditions 
under which each of the samples a, b, and c were formed are 
as indicated in Table 7. The only difference between the film 
forming conditions under which sample a was formed and the 
film forming conditions A shown in Table 1 is a slight differ 
ence in total pressure; otherwise, these conditions are 
approximately the same. 

TABLE 7 

Name of Sample Sample a Sample b Sample c 

Total Pressure (Pa) 4.8 2.7 2.7 
Ar:O2 100:100 43:100 43:100 
Input Power Density (W/cm) 1...SO 3.00 6.OO 
Film Density (g/cm) 5.43 6.09 6.33 
Film Thickness Reduction 57.7 25 20.9 
Amount (nm) 

The completed samples a, b, and c were then connected to 
the direct current power Supply DC and Voltage was applied 
thereto. Furthermore, by changing the applied Voltage, an 
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electric current value per unit Surface area (current density) 
was calculated for different voltages. FIG. 17 is a device 
characteristics diagram showing relation curves each illus 
trating a relation between applied Voltage and current density 
of a prepared sample. In FIG. 17, the vertical axis indicates 
electric current density (mA/cm), whereas the horizontal 
axis indicates applied voltage (V). As shown in FIG. 17, the 
driving Voltage is lowest for sample a, and increases in the 
order of sample band sample c. This indicates that the hole 
conduction efficiency of the hole injection layer is highest in 
sample a, and decreases in the order of sample band sample 
c. Further, according to embodiment 1, the quantity, in the 
hole injection layer, oftungsten atoms with a Valence of five 
increases in the order of sample a, Sample b, and sample c. 

Subsequently, the inventors formed a resin material layer 
composed of a predetermined resin material (“TFR' series 
resin material produced by Tokyo Ohka Kogyo Co., Ltd.) so 
as to be layered on the hole injection layer of each sample by 
applying the spin coating method (room temperature, 2500 
rpm/25 sec) and by performing baking (100° C., 90 sec). 
Following this, development processing (where a solution 
including 2.38% TMAH was used and where the developing 
time was 60 sec) and cleaning processing (where pure water 
was used and where the cleaning time was 60 sec) were 
performed. Successively, the resin material layer having been 
layered on the hole injection layer was removed. The forming 
of the resin material layer, the development processing, and 
the cleaning processing were performed so as to simulate the 
actual process of forming the banks. 

Table 7 indicates the film forming conditions applied and 
the results of the experiment. Further, FIG. 18 illustrates a 
graph indicating a relation between the film densities and the 
film thickness reduction amounts in Table 7. 
As is indicated by the experiment results presented in Table 

7, the film thickness of the tungsten oxide layer in sample a, 
which was 80 nm at a point immediately following the form 
ing thereof, decreased to 23 nm by the end of the experiment. 
As such, it was observed that the film thickness of the tung 
Sten oxide layer in sample a decreased by as much as approxi 
mately 57 nm due to occurrence of the film thickness reduc 
tion. 

Further, the inventors also found that there was a consid 
erable level of correlation between an amount of a tungsten 
oxide layer decreasing as a result of the film thickness reduc 
tion and a film density of the tungsten oxide layer. More 
specifically, the inventors found that, when a tungsten oxide 
layer had a relatively low film density, the film thickness 
reduction amount of the tungsten oxide layer indicated a 
relatively great value. Further, when taking into consideration 
the results indicated in FIG. 17, a higher hole conduction 
efficiency of the tungsten oxide layer, or that is, a greater 
quantity oftungsten atoms with a valence of five included in 
the tungsten oxide layer results in the tungsten oxide layer 
having lower film density and a greater film thickness reduc 
tion amount. The reasons for this are described with reference 
to FIGS. 19A and 19B. 

FIGS. 19A and 19B are schematic diagrams each illustrat 
ing a relation between a film structure and a film density of a 
tungsten oxide layer constituting a hole injection layer. Note 
that the schematic diagram in each of FIGS. 19A and 19B 
illustrates a state following the forming of the hole injection 
layer and before the forming of the banks. More specifically, 
FIG. 19A is a schematic diagram of the hole injection layer 
corresponding to a case where the tungsten oxide layer is 
formed to have the nanocrystal structure, or that is, a case 
where the hole injection layer has high hole conduction effi 
ciency. In contrast, FIG. 19B is a schematic diagram of the 
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hole injection layer corresponding to a case where the tung 
Sten oxide layer is formed to have the amorphous structure 
(not all portions of the tungsten oxide layer have the amor 
phous structure, but tungsten oxide crystals exist in a segre 
gated State in only some portions of the tungsten oxide layer), 
or that is, a case where the hole injection layer has low hole 
conduction efficiency. 
When the hole injection layer is formed to have the nanoc 

rystal structure (FIG. 19A), crystal surfaces of the nanocrys 
tals 13 spread over the entire hole injection layer, and need 
less to say, crystal Surfaces of the nanocrystals 13 spread 
along a Surface of the hole injection layer on which banks are 
to be formed, which accordingly becomes an interface 
between the hole injection layer and the banks. When the hole 
injection layer, in the above-described State, is exposed to the 
dissolution liquid (a developing Solution, a cleaning liquid, 
etc.) used in the process of forming the banks, the dissolution 
liquid permeates the hole injection layer via the crystal Sur 
faces of the nanocrystals 13 present at the surface of the hole 
injection layer on which the banks are to be formed, which 
accordingly becomes the interface between the hole injection 
layer and the banks, as indicated by the arrows in FIG. 19A. 
This is because the spaces between the crystal surfaces of 
neighboring nanocrystals 13 serve as gaps through which the 
dissolution liquid is able to permeate the hole injection layer. 
Furthermore, since the crystal surfaces of the nanocrystals 13 
are literally extremely “microscopic', the dissolution liquid is 
able to permeate the hole injection layer through an increased 
number of paths. Hence the film thickness reduction amount 
of the hole injection layer increases when the hole injection 
layer is formed to have the nanocrystal structure. In addition, 
gaps exist between the crystal surfaces of the nanocrystals 13 
in a film having the nanocrystal structure, which results in the 
film having relatively low film density. 
On the other hand, when the hole injection layer has the 

amorphous structure (FIG. 19B), the segregated crystals 15 
are present at only some portions of the hole injection layer. 
Therefore, as indicated by the arrows in FIG. 19B, only a 
Small number of crystal Surfaces exist, which serve as perme 
ation paths through which the dissolution liquid is able to 
permeate the hole injection layer. In addition, since the crystal 
Surfaces are in a discontinuous state in an amorphous portion 
16, it is less likely that the dissolution liquid permeates the 
hole injection layer to reach a relatively deep part of the hole 
injection layer (to the bottom direction in the figure) com 
pared to the case where the hole injection layer has the nanoc 
rystal structure. As such, it can be assumed that the film 
thickness reduction amount of the hole injection layer having 
the amorphous structure is Smaller than the film thickness 
reduction amount of the hole injection layer having the 
nanocrystal structure. In addition, since a relatively small 
number of crystal Surfaces are present in the film having the 
amorphous structure, a relatively small number of gaps exist 
in the film. As such, the film having the amorphous structure 
has relatively high film density. 
From the experiment results presented above, it has been 

found that the film thickness reduction amount resulting from 
the film thickness reduction caused by the dissolution liquid 
used in the forming of the banks increases as the hole con 
duction efficiency of the tungsten oxide layers, having been 
assessed in embodiment 1, increases. 

In general, there is a concern that the above-mentioned film 
thickness reduction might make it difficult to manage the 
thickness of the tungsten oxide layer and have some effect on 
hole injection properties of the tungsten oxide film of the 
completed organic EL element. Hence, if people skilled in the 
art are aware of the occurrence of such film thickness reduc 
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tion of the hole injection layer, it is assumed that they will 
hesitate to form the hole injection layer by using tungsten 
oxide. 

Intensive studies by the inventors of the present invention 
on this problem, however, have revealed that the film thick 
ness reduction amount of the tungsten oxide layer can be 
adjusted by appropriately changing developing conditions 
(i.e., by reducing concentration of developer from 2.38% to 
approximately 0.2%) or baking conditions, for example. 
According to this, the thickness of the tungsten oxide film can 
be controlled while taking the film thickness reduction of the 
tungsten oxide film into account. Furthermore, the inventors 
of the present invention performed a study on an experimental 
model of a more realistic organic EL element based on Such a 
technology of controlling a film thickness reduction amount 
of the hole injection layer, and confirmed the following tech 
nical matters. 
The steps of manufacturing of the experimental model of 

the organic EL element were first to form a hole injection 
layer composed of tungsten oxide on an anode, and then to 
form a bank material layer on the hole injection layer. Sub 
sequently, the bank material layer was patterned in a prede 
termined shape having an aperture in which a functional layer 
was to be formed (during patterning, banks are exposed, 
developed and cleaned). Subsequently, the functional layer 
was formed at a position corresponding to the aperture. On 
the functional layer, a cathode was formed. 
When the inventors of the present invention examined the 

organic EL element manufactured in this method, the inven 
tors found that tungsten oxide was dissolved to become a 
concavity at a position corresponding to the aperture of the 
hole injection layer, and accordingly, the hole injection layer, 
as a whole, was configured to have concave structures. 

In addition, the inventors have reached a finding that when 
the hole injection layer has a concave structure and the 
organic EL element with this structure is driven, the electric 
field occurring between the anode and the cathode concen 
trates at edge of the concave structure of the hole injection 
layer, i.e., near the end portion of the aperture, and Such 
concentration of the electric field might damage the light 
emitting characteristics, causing problems such as the 
unevenness in luminance or a decrease in service life of the 
organic EL element. 
As such, the inventors of the present invention conceived of 

the structure shown in the following Embodiment 2. Accord 
ing to this structure, defects due to concentration of the elec 
tric field at the edge of such concave structure can be avoided 
by modifying the shape of the banks. 

The following is a description of Embodiment 2, focusing 
on the differences with Embodiment 1. 
Embodiment 2 
<Overall Structure of the Organic EL Paneld 
FIG. 21 is a plan view showing a part of an organic EL 

panel 100 in Embodiment 2. 
The organic EL panel 100 is a top-emission type organic 

EL display composed of organic EL elements 10a, 10b, and 
10c arranged in a matrix and each provided with a light 
emitting layer having a color of either red (R), green (G), or 
blue (B). Each of the organic EL elements 10a, 10b, and 10c 
corresponds to the organic EL element 1000 in Embodiment 
1. Each organic EL element functions as a Sub-pixel, and 
three adjacent organic EL elements of colors of RGB function 
as a pixel as a whole. 

In an example of FIG. 21, a pixel bank 5.5 having a lattice 
shape is adopted. By a bank element 55a extending along aY 
axis, light-emitting layers 56a 1, 56b1, and 56c1 as well as 
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light-emitting layers 56a2, 56b2, and 56.c2 consecutively 
arranged along an X axis are partitioned. 
On the other hand, a bank element 55b extending along the 

X axis delimits adjacent light-emitting layers 56a1 and 56a2 
arranged along the Y axis, adjacent light-emitting layers 56b1 
and 56b2 arranged along the Y axis, and adjacent light-emit 
ting layers 56c1 and 56.c2 arranged along the Y axis. 

FIG. 22 is an end elevation schematically showing a cross 
section of the part of the organic EL panel in an embodiment 
pertaining to the present invention taken along the line A-A of 
FIG. 21. FIG. 23 is an enlarged end elevation of a portion B 
enclosed by an alternate long and short dash line of FIG. 22. 
As shown in FIG.22, the organic EL panel 100 differs from 

the organic EL element 1000 (FIG. 1) pertaining to Embodi 
ment 1 in that the buffer layer 6A is not provided. Hereinafter, 
unless otherwise Stated, material constituting each layer of 
the organic EL panel 100 pertaining to the present embodi 
ment is the same as that of Embodiment 1. 
On a substrate 1, anodes 2 are formed in a matrix. On the 

anode 2, an ITO layer 3 and a hole injection layer 4 are 
laminated in the stated order. Note that, while the ITO layer3 
is laminated only on the anode 2, the hole injection layer 4 is 
formed not only on the anode 2 but also over the substrate 1. 
A bank 5 is formed above a periphery of the anode 2 via the 

hole injection layer 4. A light-emitting layer 6B is formed in 
an area defined by the bank 5. On the light-emitting layer 6B, 
an electron injection layer 7, a cathode 8, and a sealing layer 
9 are formed continuously across the consecutive organic EL 
elements 10a, 10b and 10c, passing over the bank 5. 

In the present embodiment, the cathode 8 is made of alu 
minum, ITO, IZO (indium zinc oxide), for example. A top 
emission type panel preferably includes the cathode 8 made 
of a light-transmissive material. 

(Hole Injection Layer) 
The hole injection layer 4 is the same as that in Embodi 

ment 1. The hole injection layer 4 is composed of tungsten 
oxide (WOX) layer that is formed under a film forming con 
dition for achieving the high hole conduction efficiency. 
As shown in FIG. 23, the hole injection layer 4 extends 

laterally along bottom surfaces. 5a and 5b of the bank 5, and 
has a recess 4a in an upper surface thereof. Abottom 4b of the 
recess 4a is lower than a level 5c of the bottom surface 5a of 
the bank 5. The recess 4a is made up of the bottom 4b and an 
inner side surface 4d continuing the bottom 4b. The depth of 
the recess 4a is approximately 5 nm to 30 nm. An upper 
peripheral edge 4c of the recess is a convex portion composed 
of (i) a part 4e of the upper surface of the hole injection layer 
4 in which the recess is not formed and (ii) the inner side 
Surface 4d of the recess. The upper peripheral edge 4c is 
covered with a covering part 5d, which is a part of the bank 5. 
The upper peripheral edge 4c of the recess protrudes from 

the bottom 4b of the recess. Therefore, if the upper peripheral 
edge 4c is not covered with the covering part 5d made from an 
insulating material, electric field concentrates in the vicinity 
of the upper peripheral edge 4c of the recess, and localized 
flow of current occurs in the light-emitting layer 6B. As a 
result, the uneven luminance occurs in a light-emitting Sur 
face and a life of the organic EL element is reduced due to 
localized deterioration of the light-emitting layer 6B. In the 
present embodiment, however, the above-mentioned prob 
lems are prevented, because the upper peripheral edge 4c of 
the recess is covered with the covering part 5d made from an 
insulating material. Note that it is desirable that the thickness 
of the covering part 5d(a shortest distance between the upper 
peripheral edge 4c of the recess and the light-emitting layer 
6B) be 2 nm to 5 nm to effectively suppress the electric field 
concentration. 
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In an example of FIG. 23, the part 4e of the upper surface 
of the hole injection layer 4 in which the recess is not formed 
makes a rightangle with the inner side Surface 4d of the recess 
to form the peripheral edge 4c of the recess. The peripheral 
edge 4c of the recess, however, may have a multiangular 
shape, or may be curved. In such a case, the electrical filed 
concentration is further Suppressed. 

In the present embodiment, the covering part 5d reaches 
the bottom 4b of the recess 4a, and a side surface of the bank 
5 slopes upward from the bottom 4b of the recess to a top of 
the bank 5. With this structure, when the light-emitting layer 
6B is formed using printing technology Such as inkjet tech 
nology, ink is distributed to every corner of an area defined by 
the bank. As a result, formation of a void and the like is 
Suppressed. 

<Process by Which an Aspect of the Present Invention was 
Achieved 

FIGS. 20A and 20B are each an end elevation showing a 
manufacturing process of an organic EL display. FIG. 20A 
shows a status in which the anode 2, the ITO layer 3, the hole 
injection layer 4, and the bank 5 are formed on a TFT sub 
strate 1. FIG. 20B shows a status in which the light-emitting 
layer 6, the electron injection layer 7, the cathode 8, and the 
sealing layer 9 are formed in addition to the components 
shown in FIG. 20A. 

With the structure in which the tungsten oxide is applied to 
the charge injection transport layer (the hole injection layer 4 
in this example), a recess 4a is formed in an upper Surface of 
the hole injection layer 4 (see FIG. 20A) in a process of 
forming the bank 5. If the light-emitting layer 6B is formed 
with the recess 4a formed in the upper surface of the hole 
injection layer 4 (see FIG.20B), an electric field concentrates 
in the vicinity of an upper peripheral edge 4c of the recess 4a 
when the organic EL display emits light. As a result, localized 
flow of current can occur in the light-emitting layer 6B. This 
might lead to the occurrence of uneven luminance in a light 
emitting Surface and reduce a life of the organic EL element 
due to localized deterioration of the light-emitting layer. 
The above-described problems and knowledge are unique 

to an organic EL element to which tungsten oxide is applied, 
and have technical significance in terms of not having been 
revealed. 
As described above, the inventor arrived at the following 

technical features through a series of research and studies. 
That is, by covering the upper peripheral edge of the recess 
formed in the upper Surface of the charge injection transport 
layer including tungsten oxide with a part of the bank, con 
centration of charges in the vicinity of the upper peripheral 
edge of the recess is Suppressed when an organic EL element 
emits light. As a result, localized flow of current is Sup 
pressed. 

<Manufacturing Method of Organic EL Paneld 
FIGS. 24A, 24B, 24C, 25A, 25B, 25C, 26A, 26B, and 26C 

are each a process chart showing a method of manufacturing 
the organic EL element pertaining to an embodiment of the 
present invention. 

First, as shown in FIG. 24A, a thin film of Agis formed by 
sputtering, for example, on the Substrate 1. The thin Ag film is 
then patterned by, for example, photolithography to form the 
anodes 2 in a matrix. Note that the thin Ag film may beformed 
using a vacuum evaporation method or the like. 

Next, as shown in FIG.24B, a thin ITO film is formed using 
the sputtering method or the like. The formed thin ITO film is 
then patterned using the photolithography or the like to form 
the ITO layer 3. Subsequently, using a composition contain 
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ing WOX or MoxWyOZ, a thin film 11 of WOX or MoxWyOZ 
is formed by technology Such as vacuum deposition, Sputter 
ing, etc. 

Next, as shown in FIG. 24C, a bank material layer 12 
composed of organic material is formed on the thin film 11. A 
portion of the bank material layer 12 is removed so that the 
thin film 11 is partially exposed. The bank material layer 12 is 
formed by application or the like. The bank material layer 12 
can be removed by patterning with a predetermined developer 
(a solution of tetramethylammonium hydroxide (TMAH) or 
the like). 

Here, WOX or MoxWyOZ, which is a material for the thin 
film 11, is soluble in pure water or TMAH solution. There 
fore, washing off the bank residue remaining on the Surface of 
the thin film 11 with the above developer causes the exposed 
portion of the thin film 11 to erode, leading to formation of a 
concave structure, as shown in FIG. 25A. As a result, the hole 
injection layer 4 having the recess 4a is formed. 

Next, as shown in FIG. 25B, the remaining portion of the 
bank material layer 12 is made fluid to some extent by heat 
treatment so that a bank material extends to cover the upper 
peripheral edge 4c of the recess. The upper peripheral edge 4c 
of the recess is covered with the covering part 5d in the 
above-mentioned manner. A heat cure can be adopted as the 
heat treatment, for example. The temperature and time for the 
heat cure may be appropriately determined in consideration 
of a type of the bank material and a required thickness of the 
covering part 5d and so on. After that, a Surface of the remain 
ing portion of the bank material layer 12 is, for example, 
Subjected to treatment using fluorine plasma and the like to 
provide liquid repellency as necessary, and, as a result, the 
bank 5 is formed. 

Subsequently, as shown in FIG. 25C, an ink composition 
including an organic EL material (hereinafter, simply referred 
to as “ink”) is dropped in the area defined by the bank 5 by the 
inkjet method or the like. By drying the ink, the light-emitting 
layer 6B is formed. Note that the ink may be dropped by a 
dispenser method, a nozzle-coat method, a spin coat method, 
an intaglio printing, a letter press printing, or the like. 

Next, as shown in FIG. 26A, a thin barium film as the 
electron injection layer 7 is formed using a vacuum evapora 
tion method or the like. Then, as shown in FIG. 26B, an ITO 
thin film as the cathode 8 is formed using sputtering method. 
As shown in FIG. 26C, the sealing layer 9 is further formed. 

With the above-mentioned manufacturing method, even 
when the recess 4a is formed in an exposed portion of the hole 
injection layer 4 during manufacturing, the electrical field 
concentration in the vicinity of the upper peripheral edge 4c 
of the recess is Suppressed because the upper peripheral edge 
4c of the recess is covered with the covering part 5d and the 
light-emitting layer 6B is formed on the covering part 5d. 

Although Embodiments 1 and 2 have been explained, the 
present invention is not limited to these embodiments. For 
example, the following modifications can also be imple 
mented. 
Modifications 
(1) In Embodiment 1, a tungsten oxide layer formed by DC 

sputtering is described as an example of the hole injection 
layer, but neither the method offilm formation nor the type of 
metal oxide is limited in this way. Other methods, such as the 
vapor deposition method or CVD, may be used. Furthermore, 
in the above embodiments, tungsten oxide was described as 
an example of the hole injection layer, but instead oftungsten 
oxide, a metal oxide such as molybdenum oxide (MoCX) or 
molybdenum-tungsten oxide (MoxWyOZ), a metal nitride, or 
a metal oxynitride may be used. 
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(2) As described in Embodiment 2. An organic EL element 
according to an aspect of the present invention is not limited 
to being used as a single element. A plurality of organic EL 
elements of the present invention may be integrated on a 
Substrate as pixels to forman organic EL light-emitting appa 
ratus. Such an organic EL light-emitting device can be 
achieved by appropriately setting the thickness of each layer 
in each element and may, for example, be used as an illumi 
nation device or the like. 

(3) Although the organic EL panel is used as an example in 
Embodiment 2, the organic EL panel provided with the 
organic EL element according to an aspect of the present 
invention may also be used in an organic EL display appara 
tus. Such an organic EL display apparatus can, for example, 
be used in a variety of organic EL displays. 

(4) In the above embodiments, the point at which the peak 
P1 clearly begins in FIGS. 15A and 15B is the point, in the 
direction of the centerpoint from the peak top of the peak P1, 
at which the derivative first becomes Zero in (a2) and (b2) in 
FIGS. 15A and 15B. The method of determining the point at 
which the peak P1 begins, however, is not limited in this way. 
For example, in the graph (a1) of FIG. 15A, the average value 
of the normalized luminance around the position at which the 
peak P1 begins may be taken as a baseline, and the intersec 
tion of this baseline with the peak P1 may be considered the 
position at which P1 begins to rise. 

(5) In Embodiment 2, the recess in the hole injection layer 
is formed by being eroded by pure water during cleaning. 
However, an effect of suppressing the electrical filed concen 
tration in the vicinity of the peripheral edge of the recess is 
obtained even when the recess is formed in another manner, 
by applying the structure in Embodiment 2. For example, the 
recess may beformed by the hole injection layer being eroded 
by etching Solution during etching, or by the hole injection 
layer being eroded by a release agent during removal of the 
resist pattern. As described above, the present invention is 
effective in a case where the hole injection layer is made from 
a material that is eroded when exposed to a liquid used for 
forming the bank, in particular, the hole injection layer is 
made from a material that is eroded when exposed to a liquid 
used while the hole injection layer is partially exposed. 

(6) In Embodiment 2, the covering part extending from the 
bank reaches the bottom 4b of the recess beyond the upper 
peripheral edge 4c of the recess. However, the present inven 
tion is not limited to the above as long as at least the upper 
peripheral edge 4c of the recess is covered. For example, as 
shown in FIG. 27, the covering part 5d may be out of contact 
with the bottom 4b of the recess. When the structure shown in 
FIG. 27 is adopted, the temperature and time of the heat 
treatment are reduced, as it is not necessary to extend the bank 
material to the bottom of the recess. 

In Embodiment 2, the recess 4a of the hole injection layer 
4 is formed by cleaning after development in the process of 
forming the bank. In the present invention, however, mask 
pattering or the like may be used as a method of forming the 
CSS. 

(7) In FIG. 25A, although a lower end of the slope of the 
bank material layer 12 coincides with the upper peripheral 
edge 4c of the recess, the structure of the bank material layer 
12 is not limited to this. Depending on the bank material, the 
part 4e of the upper surface of the hole injection layer 4 in 
which the recess is not formed may be partially exposed by 
the slope of the bank material layer 12 being set back, as 
shown in FIG. 28A. In such a case, by appropriately heat 
treating the bank material layer 12, the upper peripheral edge 
4c of the recess is covered with a part of the bank material (see 
FIG. 28B). 

(8) In the above embodiments, only the hole injection layer 
4 is interposed between the anode and the light-emitting layer. 
However, the present invention is not limited to the above. For 
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example, a hole transport layer 17 may be formed on the hole 
injection layer 4, as shown in FIG. 29. In this case, the recess 
is formed in an upper surface of the hole transport layer 17, 
and an upper peripheral edge of the recess formed in the hole 
transport layer is covered with the covering part. 

Further, the charge injection transporting layer may 
include only the hole injection layer, and the hole injection 
layer and the hole transporting layer constituting the func 
tional layer may be interposed between the anode and the 
light-emitting layer. In specific, the hole injection layer and 
the hole transport layer may be formed as shown in a portion 
B of FIG. 31. That is when the upper peripheral edge 4c of the 
recess 4a formed in the hole injection layer 4 is covered with 
the covering part 5d of the bank 5, a hole transport layer 17 
may beformed on the recess 4a of the hole injection layer 4 by 
applying ink including hole transporting material, and a light 
emitting layer 6 may be formed on the hole transport layer 17 
by applying ink including light-emitting material. 

In addition, the thickness of the hole transport layer is 10 
nm to 20 nm, and the hole transport layer transports, to the 
organic light-emitting layer, holes injected from the hole 
injection layer. The hole transporting layer is made of hole 
transporting organic material. The hole transporting organic 
material transports generated holes by using intermolecular 
charge transfer reaction. This material is also referred to as 
p-type organic semiconductor material. 
The hole transport layer may be made of high-polymer 

material or low-molecular material. In any of both cases, the 
hole transport layer is formed by wet printing. It is preferable 
that the hole transporting layer include a cross-linking agent 
so that the hole transporting layer is unlikely to be dissolved 
in the organic light-emitting layer when the organic light 
emitting layer is formed on the hole transporting layer. 
Examples of the hole transporting organic material may 
include copolymer including fluorine units and triarylamine 
units, and low-molecular-weight triarylamine derivative. 
Examples of a cross-linking agent may include dipentaeryth 
ritol hexaacrylate and the like. In this case, it is preferable that 
the agent be made of doped polystyrene Sulfonic acid, i.e., 
poly (3,4-ethylenedioxythiophene) (PEDOT-PSS) or its 
derivative (such as copolymers). 

(9) In Embodiment 2, since the anode 2 is formed from the 
thin Ag film, the ITO layer 3 is formed on the anode 2. When 
the anode 2 is formed from an Al-based material, it is possible 
to adopt a single layer structure of the anode without forming 
the ITO layer 3. 

(10) In the above embodiments, although the so-called 
pixel bank (a bank having a lattice shape) is adopted, the 
present invention is not limited to this. For example, a line 
bank (banks arranged in lines) may be adopted. In an example 
of FIG. 30, the line bank 65 is adopted. The line bank 65 
delimits consecutive light-emitting layers 6B6a, 66b, and 66c 
arranged along the X axis. Note that when the line bank 65 is 
adopted as shown in FIG. 30, adjacent light-emitting layers 
arranged along the Y axis are not defined by the bank element. 
However, by appropriately determining a driving method, a 
size of the anode, an interval between the anodes and so on, 
the adjacent light-emitting layers emit light without influenc 
ing each other. 

(11) In the above embodiments, although a top-emission 
type light-emitting element is adopted, the light-emitting ele 
ment of the present invention is not limited to the top-emis 
sion type light-emitting element. A bottom-emission type 
light-emitting element may be adopted. 

(12) In the above embodiments, although only the electron 
injection layer is interposed between the light-emitting layer 
and the cathode, the electron transport layer may be inter 
posed in addition to the electron injection layer. 
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(13) In the above embodiments, although organic material 
is used as a bank material, inorganic material may also be 
used. 

In this case, the bank material layer may be formed by 
application or the like, in the same way as when organic 
material is used. The portion of the bank material layer may 
be removed by forming a resist pattern on the bank material 
layer, and then performing etching with use of predetermined 
etchant (Tetramethylammonium hydroxide (TMAH) solu 
tion, etc.). The resist pattern is removed by an aqueous or 
non-aqueous release agent after the etching, for example. 
Next, residues remaining after the etching are removed by 
being washed with pure water. Here, WOX or MoxWyOZ, 
which is a material for the thin film, is soluble in pure water. 
Therefore, as shown in FIG. 6A, an exposed portion of the 
thin film is eroded, and a recess is formed. As a result, the hole 
injection layer having the recess is formed. Hence, the present 
invention can be applied to banks made of inorganic material, 
in the same way as when banks made of organic material. 
Industrial Applicability 
An organic EL element according to an aspect of the 

present invention may be favorably used in the home, in 
public facilities, and in the workplace in an organic EL appa 
ratus used in various display apparatuses, televisions, dis 
plays for portable electronic devices, and the like. 

REFERENCE SIGNS LIST 

1 substrate 
2 anode 
3 ITO layer 
4 hole injection layer 
4a recess 
4b bottom of recess 
4c upper peripheral edge of recess 
4d inner side Surface of recess 
4e part of upper surface of hole injection layer in which 

recess is not formed 
5 bank 
5a, 5b bottom surface of bank 
5c level of bottom surface of bank 
5d covering part 
6A buffer layer 
6B, 58a1, 56a2, 56b1, 56b.2, 56c.1, 56.c2, 66a, 66b, 66c 

light-emitting layer 
7 electron injection layer 
8 cathode 
8A cathode (metal layer) 
9 sealing layer 
1000, 10a, 10b, 10c organic EL element 
11 thin film 
12 bank material layer 
13 nanocrystal 
14 hole 
15 segregated crystal 
16 amorphous portion 
17 hole transporting layer 
55 pixel bank 
55a, 55b bank material 
65 line bank 
70 conductive silicon substrate 
80 tungsten oxide layer 
100 organic EL panel 
1000A hole-only device 
DC power source 
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The invention claimed is: 
1. An organic electroluminescent (EL) element, compris 

ing: 
an anode; 
a cathode: 
a functional layer disposed between the anode and the 

cathode, and including a light-emitting layer containing 
an organic material; 

a hole injection layer disposed between the anode and the 
functional layer; and 

a bank that defines an area in which the light-emitting layer 
is to be formed, wherein 

the hole injection layer includes a tungsten oxide, 
tungsten atoms constituting the tungsten oxide include 

both tungsten atoms with a valence of six and tungsten 
atoms with a valence less than six, 

the hole injection layer includes a crystal of the tungsten 
oxide, a particle diameter of the crystal being on an order 
of nanometers, 

an inner portion of the hole injection layer is depressed to 
define a recess, and 

an upper peripheral edge of the recess is covered with a part 
of the bank, the upper peripheral edge of the recess 
comprising at least a portion of an inner side Surface of 
the recess. 

2. The organic EL element of claim 1, wherein 
the tungsten atoms with the Valence less than six are tung 

sten atoms with a valence of five. 
3. The organic EL element of claim 2, wherein 
a ratio W/W" of the number of the tungsten atoms with 

a valence of five to the number of the tungsten atoms 
with a valence of six is at least 3.2%. 

4. The organic EL element of claim 3, wherein 
the ratio W"/W" is at least 3.2% and at most 7.4%. 
5. The organic EL element of claim 1, wherein 
a hard X-ray photoelectron spectroscopy spectrum of a 

surface of the hole injection layer exhibits a first peak 
and a second peak, the first peak corresponding to a 4f, 
energy level of the tungsten atoms with a valence of six, 
and the second peak being in a region lower than the first 
peak in terms of binding energy. 

6. The organic EL element of claim 5, wherein 
the second peak is in a region between 0.3 electron volts 

and 1.8 electron Volts lower, in terms of binding energy, 
than the first peak. 

7. The organic EL element of claim 5, wherein 
an area intensity of the second peak is between 3.2% and 
7.4% of an area intensity of the first peak. 

8. The organic EL element of claim 1, wherein 
tungsten atoms with a valence less than six cause a band 

structure of the hole injection layer to have an occupied 
energy level in a range between 1.8 electron volts and 3.6 
electron volts lower than a lowest energy level of a 
Valence band in terms of binding energy. 

9. The organic EL element of claim 1, wherein 
the hole injection layer includes a plurality of crystals of 

the tungsten oxide, each of the crystals having a particle 
diameter of between 3 nm and 10 nm. 

10. The organic EL element of claim 1, wherein 
regular linear structures at intervals of between 1.85 ang 

stroms and 5.55 angstroms appear in a lattice image by 
transmission electron microscopy observation of the 
hole injection layer. 

11. The organic EL element of claim 10, wherein 
in a 2D Fourier transform image of the lattice image, a 

pattern of concentric circles centering on a center point 
of the 2D Fourier transform image appears. 
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12. The organic EL element of claim 11, wherein 
in a plot of distance from the center point versus normal 

ized luminance, the normalized luminance being a nor 
malized value of the luminance of the 2D Fourier trans 
form image at the corresponding distance, at least one 
peak of the normalized luminance appears. 

13. The organic EL element of claim 12, wherein 
with a peak width being a difference between the distance 

corresponding to a position of a peak of the normalized 
luminance appearing closest to the center point in the 
plot and the distance corresponding to a position at 
which the peak of the normalized luminance begins to 
rise, the peak width is less than 22 when a difference 
between the distance corresponding to the center point 
and the distance corresponding to the peak of the nor 
malized luminance appearing closest to the centerpoint 
is 100. 

14. The organic EL element of claim 1, wherein 
the functional layer includes amine-containing material. 
15. The organic EL element of claim 1, wherein 
the functional layer further includes one of a hole transfer 

layer that transfers holes, and a buffer layer that one of 
adjusts optical characteristics and blocks electrons. 

16. The organic EL element of claim 1, wherein 
the part of the bank reaches an inner bottom surface of the 

recess of the hole injection layer, and a side surface of 
the bank slopes upward from the inner bottom surface of 
the recess to a top surface of the bank. 

17. The organic EL element of claim 1, wherein 
the part of the bank is out of contact with an inner bottom 

Surface of the recess. 
18. The organic EL element of claim 1, wherein 
the hole injection layer extends laterally along a bottom 

surface of the bank. 
19. The organic EL element of claim 1, wherein 
the upper peripheral edge of the recess is a convex portion 
composed of a part of the upper surface of the hole 
injection layer in which the recess is not formed and the 
portion of the inner side surface of the recess. 

20. The organic EL element of claim 1, wherein 
the bank is liquid-repellent and the hole injection layer is 

liquid-philic. 
21. An organic EL panel comprising the organic EL ele 

ment of claim 1. 
22. An organic EL light-emitting apparatus comprising the 

organic EL element of claim 1. 
23. An organic EL display apparatus comprising the 

organic EL element of claim 1. 
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24. A method of manufacturing an organic EL element, 

comprising: 
preparing an anode: 
forming a tungsten oxide layer on the anode using a sput 

tering gas including argon gas and oxygen gas and using 
tungsten as a sputtering target, under film forming con 
ditions such that a total pressure of the sputtering gas is 
at least 2.3 Pa and at most 7.0 Pa, a partial pressure of the 
oxygen gas in the sputtering gas is at least 50% and at 
most 70%, an input power density per unit area of the 
sputtering target is at least 1.5 W/cm and at most 6.0 
W/cm, and a value yielded by dividing the total pres 
Sure of the sputtering gas by the input power density is 
larger than 0.7 Pacm/W: 

forming a bank material layer containing material consti 
tuting a bank above the tungsten oxide layer; 

forming a recess by removing a portion of the bank mate 
rial layer so that the tungsten oxide layer is partially 
exposed and an upper surface of the tungsten oxide layer 
in the recess is closer to the anode than an upper periph 
eral edge of the recess, the recess having an inner bottom 
Surface and an inner side surface that is continuous with 
the inner bottom surface; 

heat-treating a remaining portion of the bank material 
layer, the remaining portion of the bank material layer 
being made fluid so that the bank material layer extends 
to cover the upper peripheral edge of the recess, the 
upper peripheral edge of the recess comprising at least a 
portion of the inner side surface of the recess; 

forming functional layer including a light-emitting layer 
above an exposed surface of the tungsten oxide layer 
after the heat treatment; and 

forming a cathode above the functional layer. 
25. The method of manufacturing an organic EL element of 

claim 24, wherein 
the tungsten oxide layer is formed so that tungsten atoms 

constituting the tungsten oxide layer include both tung 
sten atoms with a maximum valence thereof and tung 
Sten atoms with a valence less than the maximum 
Valence, and so as to include a tungsten oxide crystal 
having a particle diameter on an order of nanometers. 

26. The method of manufacturing an organic EL element of 
claim 24, wherein 
when forming the tungsten oxide layer, the value yielded 
by dividing the total pressure of the sputtering gas by the 
input power density is less than 3.2 Pacm2/W. 
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